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THE EFFECT OF TEMPERATURE, 

SALT, AMD pH IN THE APPUCATION 
OF DIRECT DYES ON COTTON 

SUMMARY 

The success experienced in applying dyes to the new synethic fibers 
with high temper at ures started several investigations as to the possibility 
of using the same high temperature technique in applying direct dyes to 
cotton,, These investigations demonstrated that some direct dyes can be 
applied to cotton successfully with high temperatures! however, many 
questions were raised such as: What is the heat stability of each dye? 

What is the effect of the pH of the dyebath on the stability of each dye? 
What is the effect of salt with high temperature? What is the effect of 
high temperature on the exhaustion of each dye? What is the effect of 
high temperature on the quality of the dyed product? 

The purpose of this thesis was to answer some of these questions, 
and thereby increase the empirical knowledge available to the dyeing in- 
dustry, for three direct cotton dyes® The dyes used in this investiga- 
tion were : Pontamine Fast Yellow RL, representing the Class A, or good- 

leveling, type direct dye; Pontamine Fast Orange EGL, representing the 
Class B, or salt-controllable, poor-leveling, type direct dye; and Ponta- 
mine Blue AX Cone®, representing the Class C or temperature-controllable, 
poor-leveling, type direct dye® 

Four sets of dyeings were made on cotton yarn for each dye as fol- 



lows: 
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1 8 Normal temperature dyeings with dye and salt applied as 
recommended by the manufacturer 0 
2 0 High temperature runs* with dye and salt added initially, 
but with no cotton yarn in the bath (the heat stability 
tests) o 

3« High temperature dyeings, at 250® F„, with dye applied 

to cotton, but with salt added to bath during the cooling 
phase o 

High temperature dyeings, at 250° F., with dye applied 
to cotton, with a buffer added initially to control the 
pH of the dyebath, and with salt added during the cooling 
phase of the dyeing cycle® 

The dye runs were compared fee* heat stability of the dyes, and for 
dyebath exhaustions „ The dyed yarns were compared for differences in color 
light-fastness, wash-fastness, and strength » 

It was found that dyebath concentrations can be accurately measured 
only if dyebath samples can be read on the colorimeter in undi luted form« 
The concentration results obtained by reading diluted dyebath samples in 
the colorimeter indicated the exhaustion of ths Class C dye only was signif 
icantly improved with high temperature application,, 

It was found that the three dyes tested were stable at high tempera- 
tures, and the additions of buffers to the dyebath had no apparent affect 
on their stability „ 

It was also found that the dyeings with high temperature were equal 
in color, fastness, and strength, to dyeings with normal temperature® The 
overall dyeing time was not decreased with high temperature application 
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because of the time required to raise the temperature of the bath to 
250° F. 

The results of all dyeings indicate that the most powerful dyeing 
assistant for direct dyes is not temperature but salt. In all dye runs 
the high temperature actually reduced the dyebath exhaustions,, The dye- 
bath was not significantly exhausted during the Class B or C dye runs 
until the bath was cooled and salt added. 
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CHAPTER I 
INTRODUCTION 

Considerable interest in the field of high temperature dyeing has 
been seen in the past several years. This interest was aroused primarily 
when it was found that the new synthetic fibers , such as nylon, Orion, 
and Dacron, could be dyed within a short time in dyebaths at 250° F., 
whereas they were not dyed well in dyebaths at the normal dyeing tempera- 
ture of 212° F. The success of high temperature application of dyes on 
the synthetics started an investigation as to the possible advantages in 
using the same high temperature techniques in applying dyes to cotton, 
and rayon, as well as wool. 

Direct dyes are used in great quantities for dyeing cellulose 
products in all forms . Although several types of dyes have been developed, 
such as vat dyes, which are superior to direct dyes in fastness properties, 
the direct dyes continue to be used because they are easier, and consequent- 
ly less expensive, to apply to cellulose. It is felt that the continued 
popularity of the direct dyes will be even more insured if they can be 
applied better and in less time by new methods. 

It has been found by Young (l) that some direct dyes can be applied 
to cotton at high temperatures, in less time, and with no decrease in 
product quality. Relatively few of the actual number of popular direct 
dyes have been studied as to their high temperature stability and other 
dyeing characteristics. Before industry can determine the economic 
feasibility of using the high temperature method in place of the relatively 
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easy normal temperature application of direct dyes on cotton, many tech- 
nical questions must be answered, and they must be answered for each in- 
dividual direct dye. 

The art of dyeing is based mainly on empirical knowledge 0 If the 
high temperature method is to be put in actual use then the fund of em- 
pirical knowledge must include the effects of high temperature for all 
the direct dyes and cotton combinations . The dyer must have information 
for each dye as to: the effect of high temperature on the chemical sta- 

bility of the dyestuff; the effect of high temperature on the dyed product; 
the effect of the pH condition of the dyebath; the effect of high tempera- 
ture on the exhaustion of the dyebath; and the effect of salt on the dye- 
bath when using high temperature. 

The purpose of this work was to supply some of the empirical in- 
formation which will help answer the above questions. The various effects 
of high temperature, pH, and salt on three types of direct dyes were in- 
vestigated. One dye from each of the three leveling classes of direct 
dyes (2) was chosen for this experiment in order to give representative 
and comparative results between the known leveling types. 

High temperature dyeing means application with dyebath temperature 
over 212° F. and up to possibly 300° F. In this investigation 2f>0° was 
used as the temperature for a high temperature dyeing run. The increased 
temperature over 212° F. is thought to increase the speed of penetration 
so that the same or a greater amount of dye can be applied to cotton in 
a much shorter time than now required in normal temperature dyeing. This 
shorter time in the bath would allow a speed-up of modem continuous dyeing 



3 



machinery or allow less time for yarn to be dyed in a package dye machine. 

If the theory is equally sound in actual production dyeing, the high tem- 
perature technique can materially benefit the cotton textile industry. 

Faster application will be of little value if the end product is 
not as good as dyeings now achieved with normal temperatures,, In this 
investigation yarns dyed at high temperature were compared with yarns 
dyed at normal temperature, and ary changes in fastness properties, color, 
or yam strength were noted. 

History of Direct Dyes . — Synthetic dyes are made from the aromatic hydro- 
carbons, benzene, toluene, napthalene, and anthracene, and the chief sources 
of these are coal tar and petroleum. The honor of discovering the first 
synthetic dye went to an Englishman named Perkin in 1856 ( 3)0 Perkin was 
attempting to synthesize quinine by the addition of oxygen to allyltoluidine, 
in observing the action of potassium dichromate on aniline sulfate, he 
noticed a black product was formed. From this black substance Perkin iso- 
lated a coloring matter which he found would dye silk. His main contri- 
bution to the industry was in overcoming many obstacles, financial and 
technical, in order to transform a casual laboratory experiment into manu- 
facturing practice. Perkin actually established a plant in 1857 which 
produced Mauve or Tyrian Purple as he called it„ His success in demonstra- 
ting the value of his product to the dyer and printer started a feverish 
search on the part of chemists all over the world for other possible syn- 
thetic dyes. 

Many dyes were discovered thereafter which would dye wool and silk 
nicely but they all had to be mordanted on cotton. In 1883 Walter made 



h 



Sun Yellow, the first stilbene dye, and the first soluble dye which would 
dye cotton (U)« In 188U the first direct cotton dye from benzidine, Congo 
Red, was discovered by Bottiger (5). This dye enjoyed immediate popularity 
and is still used a great deal in spite of its fugitive character e Since 
188U hundreds of other direct dyes have been synthesized by coupling 
tetrazotized benzidine and analogous diamines with various components. 
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CHAPTER II 

THEORETICAL CONSIDERATIONS 

Direct cotton dyes are so called because they have the ability to 
dye cotton without a mordant in the bath# Because salt is generally 
added to aid exhaustion they are sometimes called salt dyes# Direct 
dyes are mainly sodium salts of azo sulfonic acidsj they are azo dyes 
with certain specific structural features (6)# In order for the dye to 
be able to dye cellulose without the aid of a mordant the direct dye must 
have functional groups which can be held by hydrogen bonds with the 
hydroxyl groups in the cellulose polymer# As corresponding hydroxyl 
groups in the cellulose chain are spaced 10 #3 Anstrom units apart, the 
functional groups on the direct dye must also be spaced a similar dis- 
tance apart# In most cases only dyes with this special structural arrange- 
ment will dye cotton directly. As only direct dyes possess these specific 
structural features associated with substantivity for the cellulose fibers 
they are sometimes called substantive dyes# 

Direct dyes as a class have poor fastness to washing and light. 

This drawback can be somewhat overcome with proper after treatment. Recent 
developments have made available direct dyes which are either copper com- 
plexes or dioxazines which have excellent light fastness properties (7) « 
Most direct dyes are salts of dye acids and these dyes may exist 
in solution as ions, molecular dispersions, or collodial dispersions# The 
majority of dyes exist in solution as single ions or molecules and as simple 
aggregates of 2-10 molecules# Depending on amount of aggregation the actual 
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size of dye particles in solution varies. If the amount of aggregation 
is large it may not be possible for the dye to enter the intermicellular 
spaces of cellulose. With direct dyes it was found aggregation varies 
inversely with temperature (8). 

The diameter of the capillary pores of cellulose is of the same 
order as the length of a direct cotton dye molecule « These pores are a 
network of cellulose chains which act life pores, but are not necessarily 
continuous capillary tubes . Royer states that it is thought that it is 
through these pores the dye is absorbed molecularly. High temperature 
acts to increase the pore size by swelling and at the same time decreases 
the aggregation and increases diffusion by increased thermal activity (9). 

The great disadvantage uncovered so far with high temperature dye- 
ing is that some of the dyes decompose when exposed to temperatures above 
the boil. One big advantage is that high temperatures should increase the 
migratory activity of the dye particles and thus produce more level dyeing. 

The textile and dyeing publications for the past several years have 
included articles concerning the theory and application of direct dyes to 
cotton. In 1939 Valko (10) successfully measured the size of various acid 
and direct dyes by diffusion methods. He showed that most acids and some 
direct dyes are partly dispersed in the dye bath into single ions and are 
partly dispersed in the form of aggregates which in size do not exceed 3 
dye ions, at 90° C. Some dyes do aggregate to a size of 100 ions but this 
type is in the minority. Valko further found that dye particle size has 
been overestimated as most acid and some directs are dispersed completely 
or at least nearly so into molecules or ions under dyeing conditions. He 
stated that the important factor in dyeing is not the molecule size, but 
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the effect of attraction forces such as hydrogen bonding between fiber 
molecule and dye particle. 

In 19lj6 the Society of Dyers and Colourists (ll) reported that 
their research resulted in the classification of direct cotton dyes into 
three classes: 

Class A, Direct dyes having good migratory and leveling 
properties . 

Class B, Direct dyes having poor migrating properties but 
which can be controlled by additions of salt to 
give uniform dyeing. 

Class C, Direct dyes of poor migrating and leveling properties, 
but which can be controlled by temperature and salt 
addition to give level dyeing. 

The direct dyes used in this thesis have been classified on the 
basis of the recommendations of the Society of Dyers and Colourists (12). 
In order to get an indication of how each class of dye might react when 
applied to cotton at high temperature, a representative dye from each class 
was used. 

It has also been reported by the Society of Dyers and Colourists 
that temperature influence on direct dyeing is twofold. That is, an in- 
crease in temperature increases the rate of dyeing and at the same time 
decreases the equilibrium exhaustion. Thus if a given dye is dyed for a 
fixed time at various temperatures the influence of the temperature on 
exhaustion will depend upon both the time chosen and the dyeing rate of 
the individual dye. With a rapid dyeing dye the equilibrium may have been 
reached in the time chosen and an increase in the temper at ure actually 
would reduce the depth of dyeing. On the other hand with a slew dyeing 
dyestuff equilibrium may not have been reached in the time chosen and any 
increase in temperature would increase the exhaustion or depth of dyeing. 
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In 19b9 the Philadelphia Section of the AATCC (13) published a 
survey of the application of most common dyestuffs at high temperatures* 
They investigated the effect of high temperature on both the dyebath and 
the dye bath container, and found that chemical reactions occurred at 
high temperature between metals normally used in the containers and the 
dyestuffs; the result being the dye was reduced and in many cases the 
color destroyed completely* This group found that special stainless steel 
or glass lined stainless steel containers must be used as only these did 
not react with dyestuffs at high temperature* The same article also re- 
ported that heat destroyed many dyes in each major class, especially the 
vats, but there were still many dyes in each class which would tolerate 
the high temperatures for reasonable periods. The article stated the 
most important advantage revealed for high temperature direct dye applica- 
tion was better leveling of certain fast-striking dyes; however, this ad- 
vantage was partly offset by the availability of a large number of excel- 
lently performing dyes applicable at conventional temperature. The article 
also stated there was no improvement in fastness properties in the direct 
dyes on cotton* One point on the side of high temperature application was 
that diffusion was greatly increased in the fiber, and many unlevel dyes 
behaved like level dyes. Thus the high temperature method did increase 
the number of available leveling dyes. 

One of the first investigators to consolidate several of the most 
accepted theories of dyeing and apply this information to high temperature 
application was Drijvers (lU)* His interpretation of the high temperature 
dyeing theory was the guiding principle of this thesis * The following is 
a summary of high temperature application as presented by Drijvers . 
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The fundamental principle of high temperature dyeing is based on 
the fact that dyeing is accomplished by physico-chemical (or purely 
chemical) reactions, which being reversible, create a state of equili- 
brium after a certain period. The state of equilibrium and the rate at 
which it is established are functions of the temperature. 

The dyeing of any textile occurs in three steps: 

1. The diffusion of the dye in the bath towards the surface of 
the fiber. As a result of residual valencies the molecules 
of the dye tend to aggregate in the dyebath. At each tem- 
perature a state of equilibrium is reached between the 
amount of dye in the bath in molecular state and amount in 
an aggregated state. 

2. Adsorption on the surface of the fiber. The molecularly- 
diffused dye in the bath comes into contact with the fiber 
through movement of bath, and an adsorption phenomenon occurs 
until equilibrium is reached. 

3. Diffusion into fiber. The surface adsorbed dye has to pene- 
trate into the inter-crystalline spaces of the macromolecule 
of the cellulose fiber. This penetration is slow because of 
the mechanical resistance encountered by the dye. This 
accounts for the rapid accumulation of the dye on the surface 
of the fiber and for the time required in all dyeings to 
reach equilibrium. Further adsorption will not continue un- 
less diffusion of dye into the fiber is proceeding. Thus it 
is seen that diffusion is very important as it governs the 
speed of cfyeing and also determines the fixation of the dye 
and resistance to rubbingo 
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The fundamental principle which insures level dyeing as stated by 
Dri jvers is : 

In a dynamic system (dye solution and mass to be dyed) 
no change whatsoever, so far as exhaustion of the bath 
is concerned, can be achieved as long as tinctorial 
equilibrium has not been reached between the entire 
mass and whole of the bath. 

In other words the repeated circulation of the dye bath alternately 
creates phenomenon of desorption and adsorption which causes migration of 
the dye from light to dark places until a tinctorial equilibrium is reach- 
ed. The principle factors governing the equilibrium are temperature, con- 
centration of the electrolyte, and the nature of the dye. 

Drijvers performed experiments with the three classes of direct 
dyes and plotted curves of exhaustion vs temperature (as abscissa). He 
found that each dyestuff has a characteristic curve and the point at which 
It falls off towards the abscissa is a critical point. From the tempera- 
ture corresponding to this critical point the exhaustion curve approaches 
equilibrium and at higher temperatures falls. This finding is in agreement 
with previous statements that dyebath exhaustion is reduced by high tempera- 
ture. 

This characteristic of direct dyes is overcome by raising the tem- 
perature to the critical point as rapidly as possible. Thus the high tem- 
perature promotes more rapid diffusion of the dye into the fiber and con- 
sequently arrives rapidly at the physico-chemical equilibrium. After 
equilibrium is reached the curve is descended by cooling, and most of the 
dye goes onto the fiber during this salting and cooling phase. 

In the woric for this thesis this theory of applying most of the dye 
during the salting and cooling phase was investigated. It is known that 
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salt tends to aggregate the dye molecules (15) and this effect of salt 
would be in direct competition with the high temperature theory which 
holds that high temperature decreases aggregation. Therefore to get the 
maximum penetration possible, and to arrive at tinctorial equilibrium in 
the shortest time, only the dye or dye and buffer, was in the bath at the 
high temperature phase of the dye run. When the bath was cooled salt was 
then added and most of the dye put on the yarn during this cooling phase 
of the dye run. This procedure should give the maximum effect of high 
temperature and allow dyeing in the shortest time. 

Drijvers also found that many direct dyes are reduced at high tem- 
perature especially under slightly alkaline conditions. He theorized that 
certain organic products from decomposition of the cellulose act as reduc- 
ing agents which are capable of destroying the azo bond of the dye molecule. 
He advocated use of oxidizing agents such as hydrogen peroxide and perbo- 
rates to prevent reduction. 

Steverlynck (16) agrees that alkalinity causes decomposition of some 
direct dyes and recommends ammonium sulphate be added to the dyebath to 
maintain an essentially neutral pH, and thereby prevent dye reduction. 

Drijvers (17) in 1 95k further stated that the latest improvement 
in the application of direct dyes on cellulose at high temperature is im- 
proved dye stability. He found that reduction of the dyestuff can be 
prevented by simply removing the alkalinity of the bath. He also recommends 
ammonium sulphate as a buffer and states that fastness properties are not 
affected and shades are not dulled when this buffer is used. 

Herrmann (18) classifies many German direct dyestuffs according to 
their stability at 21*8° F 0 He found that there are three classes of direct 
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dyes according to behavior at high temperature. Class 1 dyes include 
some I 4 .O different dye colors which are stable at 2U8° F. when applied for 
30 minutes on viscose rayon. Class 2 dyes include some 3U dye colors the 
stability of which suffer somewhat at high temperature. Class 3 includes 
35 dye colors which suffer severely. 

Herrmann states that by adding a "monochrome mordant" as a buffer 
the deterioration can be prevented on Class 2 dyes and lessened on Class 
3 dyes. The stability of substantive dyes above 21 2° F. is dependent 
upon the following: 

(a) temperature of bath 

(b) length of time in process 

(c) pH of dyebath 

(d) material being dyed 

(e) degree of dyeing 

In discussing the above Herrmann states that the danger of damage 
increases with the temperature and some direct dyes even break down below 
the boil. The nature of the dye determines its stability. The length of 
time of dye cycle is important as some dyes withstand 2-6 hours of high 
temperature while others are affected in a few minutes. He states the 
length of time of 30 minutes was chosen to test the dyes as this time 
reflected a normal dye run. The danger of damage at high temperature 
seems to be increased if the bath is alkaline. Herrmann found that there 
is much less danger of breakdown if the bath is kept neutral or slightly 
acid. Agents remaining from previous treatment of the fiber may also 
affect the pH of the bath and hence the stability of the dye. 

The stability of many dyes above 212° F. is dependent -upon the 
material dyed. Herrmann found that any impurities on the fabric or yarn 
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may reduce the dyestuff. His experiments show that dyes are stable on 
materials in the following order from least to best: 

1. Raw cotton 

2 . Acetate 

3 . Cupra-ammonium rayon 

U. Scoured cotton 

5. Viscose rayon 

6. Scoured and bleached cotton 

A dye which would be unstable at high temperatures on raw cotton 
might be stable on scoured cotton. This finding bears out Drijvers (19) 
theory that many direct dyes are reduced at high temperature because 
certain organic products resulting from decomposition of cellulose, or 
impurities on the fiber, act as reducing agents capable of destroying the 
azo bond. 

Butterworth (20) observed in 1953 that with the exception of Stever- 
lynck's work all high temperature investigation has been confined to the 
laboratory. He concludes that the high temperature method is best appli- 
cable to groups B and C of direct dyes. He disagrees with Drijvers that 
most of the dye should be put on the fiber during the cooling cycle after 
the high temperature phase, but instead recommends salt be added during 
the last half of the high temperature phase. This takes advantage of high 
temperature as it utilizes the greater redistribution powers of high tem- 
perature, as well as gaining the desired equilibrium in shortest time. 

Butterworth states that stability of the dyestuff is very important 
and gives a short list of English dyes which are placed in three groups 
according to stability at high temperature. Ammonium sulphate is recommend- 
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ed as a buffer to maintain neutral pH and prevent reduction of the dye. 
Butterworth states that it is not kncwn why ammonium sulphate acts as a 
dyebath assistant in a closed system as the ammonia cannot escape. The 
chemical function of the buffer in preventing reduction has not been as- 
certained . 

Butterworth summarized that high temperature application of direct 
dyes permits equal or better results on rayon in a shorter time, but as 
direct dyes are destroyed by an alkali-cellulose system it is essential 
to maintain neutrality. 

There has been little work done in the United States concerning 
stability of direct dyes on cotton. The dyestuff manufacturers have not 
published data concerning the heat stability of their direct dyes, nor 
have researchers attempted to investigate the stability of American 
directs as Herrmann did with the German direct dyes o This information 
is greatly needed before commercial high temperature application can be 
attempted ,, 



CHAPTER ITI 



15 



INSTRUMENTATION AND EQUIPMENT 

The following items of special equipment were used in this problem: 
Morton Twelve-Pound Package Machine 
Morton One-Pound Package Machine (modified) 

Atlas Fade-Qmeter 
Lumetron Colorimeter, Model 1|02-E 
Beckman pH Meter, Model H-2 
Beckman Spectrophotometer, Model DU 
Suter Single Strand Yarn Testing Machine 

All items of equipment except the modified Morton one pound package 
machine are standard equipment available on the open market and require 
no special description. 

The Morton one pound package machine was modified by the addition 
of a stainless steel cover which can be secured to the top of the expansion 
chamber. This encloses the entire dyebath and permits circulation under 
high temperature and pressure. 

Two views of the modified machine are shown in figures 1 and 2. 

A view of the lumetron colorimeter Model U02-E is shown in Figure 

3 . 
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Horton One-Pound Package Machine (Modified) Top View 



17 




Figure 2 . Morton One-Pound Package Machine 
(Modified ) , Side View 



18 




Figure 3. Lumetron Coloriraeter, Model 1*02 -E 
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CHAPTER IV 
PROCEDURE 

Characterization of the Yarn . — The cotton yarn used was first characterized 
with regard to size, twist, and breaking strength in accordance with the 
American Society for Testing Materials standard test Dl80-£27 (21 ) „ The 
yam was found to be a number 1 $ .85 single ply yam with Z twist of 18.17 
turns per inch, and with a breaking strength of l 0 2li7 pounds o The strength 
was highly irregular, varying from l o 09 to 1.55 pounds, and this deviation 
may affect the accuracy of strength tests on the dyed samples. The results 
are shown in Tables 6, 7 and 8. 

Preparation for Dyeing .— >The yam was scoured in groups of twelve in the 
Morton Twleve Pound Package Machine. In scouring, the yarn was first wet 
out with one-half per cent of Tergitol-08 penetrant, with the machine fill- 
ed with water, at 180° F. for fifteen minutes. Then the yarn was scorned 
in a bath containing five per cent sodium hydroxide, three per cent sodium 
carbonate, and one per cent soap for one hour at 200° F. All percentages 
are on net weight of the yarn. The flow was reversed every five minutes. 
The bath was drained and yarn rinsed until neutral. The packages were 
then hydro-extracted and dried in a hot air oven. The packages were then 
conditioned for forty-eight hours at sixty-five per cent relative humidity 
and 70° F. 

Sample Preparation .— Each package of scoured yarn was tagged with a number 
it would have throughout the experiments o Three breaking strength tests 
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were made on each package, averaged and recorded in Table 8 C 

The weight of each package was determined to within one-tenth of 
a gram and was recorded on each package to be used as a basis for the 
calculation of weights of cfyes and chemicals used in dyeing runs<> 

Outline of General Dyeing Procedure . — In order to test the three dyes used 
in this experiment for heat stability, three dye runs were made for each 
dye. In the first run dye and salt alone were used in the dyebath, with- 
out cotton yarn, at high temperature. Per cent transmission versus wave- 
length curves, before and after heating at 2 ^ 0 ° F. for 30 minutes, were 
plotted from colorimeter readings on samples of dyebath, and these curves 
were compared far any changes which might indicate a chemical breakdown 
of the dyestuff. 

In the second set of high temperature dye runs, dye alone was in 
the dyebath, with cotton yarn. Per cent transmission versus wavelength 
curves were similarly plotted and compared. In the third set of high tem- 
perature dye runs, dye was in the bath, with cotton yarn, and in addition 
a buffer was added to control the pH of the dyebath. Per cent transmission 
versus wavelength curves were plotted from colorimeter readings of the 
beginning and ending dyebath samples and compared. 

The other major aim of this investigation was to compare the dye- 
bath exhaustion of normal temperature dye runs with the exhaustions of 
the high temperature runs. This was done by comparing the final dyebath 
exhaustions determined in the three sets of heat stability dye runs with 
the exhaustions obtained by dyeing cotton yarn in the manner recommended 
by the manufacturer. 
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The effect of salt on the dyebaths was investigated by comparing 
the dyebath concentration of various samples taken before and after salt- 
ing for each dye run. 

Thus four sets of dyeings were made for each dye as follows: 

1. Normal temperature dye runs with dye and salt applied as 
recommended by manufacturer. 

2. High temperature runs, with dye and salt added initially, 
but with no cotton yarn in the dyebath. (The heat stability 
runs ) 

3. High temper ature dye runs with dye applied to cotton, but 
with salt added to dyebath during the cooling phase. 

U. High temperature dye runs with dye applied to cotton, with 
a buffer added initially to control the pH of the dyebath, 
and with salt added to bath during the cooling phase of the 
dyeing cycle. 

Dyeing .—All dyeings were made in a one pound package dyeing machine which 
had a 15> liter capacity with the yarn in the machine. For every dyeing 
run two per cent dye, based on the weight of the yarn, was used. Chemically 
pure sodium chloride was used in the amount of 13 per cent based on the 
weight of the yarn. Sodium chloride in pure form was chosen as the salting 
agent so it would not introduce impurities into the bath which might affect 
the pH of the bath and hence affect the stability of the dye at high tem- 
peratures. The amount of buffer, such as ammonium sulphate required to 
obtain a pH near 7 P was found by actually adding sufficient amounts of 
buffer to solutions of each dye to give the required pH. 
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The dyes, salt, and buffers were all weighed accurately on an ana- 
lytical balance,, They were then diluted to five hundred milliliters and 
added to the dyebath in this form,, 

The yarn was first placed in the one pound package machine and wet 
out in 5 cc of Tergitol Penetrant 08 and 1 $ liters of water at 180° F. for 
ten minutes o After wetting out, the bath was drained and the yarn thorough- 
ly rinsed with water so as to prevent foaming during the dyeing cycle. 

In the normal temperature runs the dyeing machine was filled with 
water to the fourteen liter mark,. The five hundred milliliter solution 
of dye was then added to the cold water. After an initial mixing a sample 
of the bath was obtained and the temperature of the bath raised to 212° F. 
and maintained for thirty minutes* One half of the five hundred milliliters 
of salt solution was added after each ]$ minutes. The total volume at this 
point was 15 liters. Dyebath samples were taken at various times and tem- 
peratures as noted in the dye run tables. Thirty minutes dyeing time at 
the boil was chosen because the dye manufacturer’s specifications of all 
three dyes indicated maximum exhaustion within this time 0 The Pontamine 
Fast Yellow RL is stated to be 90$ exhausted at 15 minutes, the Pontamine 
Fast Orange EGL is supposed to be 90$ exhausted in 5 minutes and the Ponta- 
mine Blue AX cone, is reported to be 75$ exhausted in 1 $ minutes or 100$ 
exhausted in 30 minutes (22). 

The bath was then drained and the dyed yarn thoroughly rinsed with 
cold water. The package was removed from the machine and hydro-extracted. 
The yarn was dried in a hot air oven at 212° F», and then conditioned for 
forty-eight hours at sixty-five per cent relative humidity and 70° F. 
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The dyebath samples were tested on the colorimeter after cooling* 
the same day the dye run was made ® 

The high temperature dyeing runs were conducted in the same manner 
with the exception of the dyeing cycle and the addition of salto The dye, 
or dye and buffer* as appropriate* was added to the cold bath and an initial 
dye sample drawn e The temperature was then raised to 200° F„* with several 
samples of the bath withdrawn during this time „ The top of the expansion 
chamber was bolted on and the temperature raised to 250° F® as rapidly as 
possible® Dyeing was allowed to proceed for ten minutes at 250° F®* then 
the bath was cooled rapidly by spraying cold water on the machine to 190° F® 
The cover of the expansion chamber was removed and all the salt added® The 
run was ended after a fifteen minute salting phase® Dyebath samples were 
drawn at regular time and temperature intervals through the high tempera- 
ture cycle as noted in the dye run tables 0 

The time of ten minutes for the high temperature phase was deter- 
mined by a preliminary run for each dye during which dyebath samples were 
taken at intervals for 20 minutes at the high temperature (Tables h9 * 53 
and 55 ) o This information indicated that after ten minutes very little 
additional effect on exhaustion would be realized* by continued dyeing at 
high temperature without salt® 

Colorimetry ®— Colorimetric measurements were used to determine the ex- 
haustion of the bath and the dye stability® Colorimetric instruments are 
comparative* they only compare the optical properties of a given colored 
solution with those of another standard solution® The Lumetron Colori- 
meter which was used in these experiments measures the transmission of 
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light through a solution. The colorimeter can be used to measure the per 
cent light, transmission of a solution of known concentration. From this 
a plot of concentration versus transmission or optical density can be 
made. The concentration of a solution of unknown concentration can then 
be obtained from its per cent transmission by referring to this plot of 
concentration versus density. 

A two per cent dyeing based on the actual weight of yam was used 
for all runs. This percentage yields an initial dyebath concentration of 
a little more than one-half of a gran of dye per liter. This solution v/as 
too concentrated to be read on the colorimeter. It was found that a dilu- 
tion of 50 times gave a solution the transmission readings of which fell 
within the limits of the colorimeter. This determined that known con- 
centration versus transmission tables would have to be made to cover a 
range of 0.001 to 0.030 grams per liter. 

The original calibration tables of concentration and per cent trans- 
mission were made by preparing a solution of exactly 0.03 grams of dye in 
1.0 liter of tap water. From this working solution, concentrations of 
0.025,, 0.020, 0.015,, 0.010, and 0.005 grams of dye per liter were then 
prepared. When salt and buffer were added to the dye for calibration they 
were dissolved separately and added to the dye solution. Then the solution 
was mixed with tap water to form exactly one liter of solution, and diluted 
as above. 

With the standard solution of 0.03 grams per liter for each dye it 
was necessary next to get a spectrum curve of wavelength versus per cent 
transmission in order to determine the proper filter to be used for trans- 
mission readings for each dye. According to Vickerstaff (23) when color 
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filters are used the band passed by the filter should be narrow and should 
coincide with the maximum absorption wavelength of the dye solution in 
order to give a linear relationship between optical density and concentra- 
tion over the widest possible range » 

In order to determine the proper filter for each dye, colorimeter 
readings were taken for each of the twelve available filters covering the 
entire range of visible light 9 using the solution containing 0,03 grams 
per liter of dye<> Thus the filter giving the greatest absorption or 
least transmission, was determined for each of the three dyes used in 
this experiment o These absorption values are shown for each dye in 
Tables 9 through 11. 0 

Next, with the proper filter selected for each d ye, readings of 
light transmission for each of the prepared concentrations were taken 
with the colorimeter,. These values are shown for each dye (and dye, salt, 
and buffer,, combination to 'be used in the dye runs) in tables 12 through 
35° The same tables were then completed by computing values of optical 
density (D), and absorption index constant (K) as will be explained in 
Chapter V„ These tables were used In computing the concentration of each 
dyebath sample from a dyebath sample transmission reading,, 

The dyebath samples were obtained by drawing dye through the dye 
chamber bleed-off valve. The sample was allowed to cool, then 10 milli- 
liters was pipetted from the sample and diluted with tap water to 500 
milliliters. This diluted sample was then measured for per cent trans- 
mission in the colorimeter at the wavelength of maximum absorption. By 
computing the optical density of this transmission from formula (5), and 
dividing this density by the appropriate absorption index (K) obtained 
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from Table the concentration of the diluted sample was obtained „ Then 
by multiplying this concentration by fifty (the amount of dilution) a value 
for the concentration of the original dyebath sample was obtained n The 
above terms and computations and their limitations are fully discussed in 
Chapter V 0 

In operating the colorimeter, tap water was used as a standard 
reference solution in all cases <, One centimeter cuvettes were used as dye 
sample holders; and a sensitivity ratio of fifteen galvanometer gradua- 
tions to ten transmission dial graduations was used 0 

The colorimeter was also used in an attempt to determine the sta- 
bility to heat of the three dyes used„ In addition to obtaining a value 
for per cent transmission at the wavelength of maximum absorption, com- 
plete per cent transmission versus wavelength curves were obtained for 
several samples taken during each run Q If no change in the shape of these 
curves was noted,, this would likely indicate there was no chemical change 
of the dye during the dye run 0 

pH Control and Determination As the result of some preliminary experi- 
ments, it was determined that ammonium sulphate would give a neutral dye- 
bath; sodium acetate an acid dyebath; and ammonium phosphate an alkaline 
dyebath o Each dyebath sample which was tested on the colorimeter was 
also tested for pH on the Beckman Calomel electrode pH meter n 

Dyed Yam Strength <,-~Six break tests were made on each package of dyed 
yarn, three before and three after rewinding,. The average dyed yarn 
strengths were compared with the undyed yarn strengths <, 
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Light-Fastness Tests . — Light-fastness tests were performed on the dyed 
yarn in accordance with Test 16A-5U described in the AATCC 1 95k Yearbook 
(2lt), The samples were exposed to the arc-light in the Fade-Ometer for 
four twenty-hour intervals. The fading of each yarn was determined by 
visual inspection. The first appreciable change of shade determined the 
light-fastness rating of the yarn. 

Yfash-Fastness Tests . — -Wash-fastness tests were performed on the dyed yam 
in accordance with MTCC Wash-fastness Test Method 36-5U, test number 
three ( 25 ) . 
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CHAPTER V 

DISCUSSION OF RESULTS 

Colorimetry .- — Considerable difficulty was experienced in measuring the dye- 
bath exhaustions with the colorimeter . With Pontamine Fast Yellow RL all 
the dye runs indicate very low dyebath exhaustions. The normal temperature 
runs (Tables 39 and IjO) Indicate an overall exhaustion of only 30 per cent. 
The du Pont Company has not published the exhaustion characteristics of 
its dyes; however, the Geigy Chemical Corp. (26) has published the ex- 
haustions which should be achieved with its direct dyes. By referring to 
the Geigy dye with the same prototype number as the du Pont dye used in 
this thesis an approximate exhaustion for the dyes used may be obtained. 
This reference indicates an exhaustion of about 60 per cent should be ob- 
tained with the Pontamine Fast Yellow RL. 

The yellow dye exhaustion results for the high temperature runs are 
even more suspicious. Tables b,9 and 99 indicate an over-all exhaustion of 
9»h7 and 13.7 per cent respectively. Furthermore samples taken during the 
middle of some of the yellow and orange high temperature dye runs show more 
dye in the bath than was put in the machine originally. 

The Pontamine Fast Orange EGL dye runs similarly indicate a lor/ ex- 
haustion, but to a much lesser degree. The Geigy prototype dye indicates 
an exhaustion of 60 per cent should be obtained, and most of the orange 
exhaustions are over h9 per cent. 
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The Pontamine Blue AX Cone . dye runs shew more reasonable dyebath 
exhaustions. The blue runs all show dye bath exhaustions of over 6U per 
cent and are considered more reliable, although data on the actual ex- 
haustion of this dyestuff is not available. 

A summary of the exhaustions of all three dyes is shown in Table 2 
through U. 

On the basis of the above observations it was concluded that the 
colorimeter measurements were in error on the yellow dyebath samples, 
probably somewhat in error on the orange dyebath samples, and slightly 
in error on the blue dye samples. Although the individual exhaustions 
can not be called accurate they may be used, with caution, as relative 
values. In other words although each per cent exhaustion of the Pontamine 
Fast Orange EGL was low, all of the dye runs showed exhaustions similarly 
low ; and one orange dye run can be roughly compared with another to as- 
certain changes brought about by the high temperatures or buffer additions 
to the dye cycle. 

The colorimetry error evident with the yellow dye could be made by 
others attempting to measure dyebath concentrations and exhaustions. There- 
fore in order to call attention to, and to illustrate, some possible errors 
that arise, the yellow and orange dye runs are included in this work 0 It 
must be emphasized however, that the results, especially the per cent ex- 
haustion, must be questioned. They are included only for illustrative 
purposes . 

The original dyebath concentration was computed for each dye by 
dividing the number of grams of dye for the run by the known volume of 
bath. A sample of this same concentration was then prepared and diluted 
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in the same manner as a sample taken from an actual dye run. The per cent 
transmission of this diluted sample was then read on the colorimeter, and 
the concentration computed from this transmission reading. The value ob- 
tained using the method of calculation discussed in Chapter V was too 
high. The results of these tests are shown in Table 1. 

This shows that the concentrations calculated from colorimeter 
readings are higher than the actual dyebath concentrations, and explains 
why the exhaustions are lower, especially for the yellow dye. 

The per cent transmission versus wavelength curve plotted from the 
data of Table 9 , for Pontamine Fast Yellow RL as determined with the colori- 
meter does not show an absorption maximum. To locate the wavelength of 
maximuim absorption a curve was obtained with the aid of a Beckman spectro- 
photometer. The results showed that the maxim™ absorption occurred at 
390 millimicrons which comes within the filter of lowest wavelength avail- 
able for the colorimeter. 

The explanation for the observed discrepancies in dyebath exhaustion 
can be found in the theories of colorimetry. The absorption of light by 
colored solutions is based on two laws, known as Lambert’s law and Beer's 
law (29) « Both laws are applicable to absorption of monochromatic light 
through perfectly molecularly dispersed solutions. Lambert’s law states 
that light absorbed by a substance is independent of the intensity of the 
light* This may be stated mathematically as, 

T — T p~ a l 
± T s 1 o e 

Where I<p is the intensity of light transmitted through a solution of thick- 
ness 1, I Q is the intensity of light on the solution, and a is a constant. 
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Table 1. Concentration of Dyebath Calculated 
from Per Cent Transmission of 
Diluted Dyebath Sample 



Dye 



Actual 

Concentration 
of Diluted 
Sample 

(grams/liter) 



Per Cent 
Transmission 



(T) 



Concentration 
of Diluted 
Sample Computed 
from (T),(D) & (K) 
(grams/liter) 



Concentrati on 
of Original Dye- 
bath before 
Dilution 
(grams/liter) 



Actual Calculated 



Pont amine 
Fast 



Yellow RL 


0.119 


56.0 


0.135 


0.5UU 


0.678 


Pontamine 

Fast 

Orange EGL 


0.113 


52. U 


0.126 


0.565 


0.630 


Pontamine 
Blue AX 
Cone . 


0.111 


32.0 


0.119 


0.555 


0.59U 
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Beer's law states that the absorption of light in the colored solution is 
proportional to the number of molecules of absorbing substance through 
which the light passes. This is expressed mathematically as, 



I 



T 




-BC 



( 2 ) 



where B is a constant and C is the concentration of the colored substance. 
The two laws can be combined, 

I T = I 0 e" KC1 (3) 



where K is the Absorbancy Index Constant. 

The spectrophotometer is constructed so that the intensity of light 
passing through a dye solution in a glass cell can be compared photo- 
electrically with the light passing through a similar cell containing a 
standard solution such as water. The light is dispersed into a spectrum 
with a diffraction prism and a narrow band of wavelength isolated for 
transmission. In the colorimeter, color filters are vised instead of an 
expensive prism to render light approximately- monochromatic . The colori- 
meter is calibrated to read directly the percentage transmission of the 
dye sample as compared with the standard water sample. 

Transmission, 

I T 

T = ~ x 100 (U) 

^o 



The transmission of a solution is not especially convenient in estimating 
concentration of dyes as it does not vary linearly with concentration, as 
does optical density (28). The optical density of a solution is defined 
by the equation: 
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D = lc «io = los io T 2 (5) 

This equation can be combined with ( 3 ) to give, 

D = KC1 (6) 

where D is the optical density of the solution, K is the absorbancy index 
constant, C is the concentration of the solution in grams per liter, and 
1 is the thickness of the solution in centimeters. 

The validity of Beer's law has been questioned by many observers ; 
particularly when working with the colorimeter with color filters, it was 
found that a linear relation between concentration and optical density 
did not always occur. Vickerstaff (29) states that the apparent dis- 
crepancy is not due to a breakdown of Beer's law but to a fundamental 
error of the instrument in not using monochromatic light. 

Formula (5) is the one normally used with a colorimeter or spectro- 
photometer; when density is plotted against concentration it should yield 
a straight line. This is possible, as mentioned before, only with mono- 
chromatic light through a dye in perfectly molecular solution. In this 
experiment neither condition was possible. The colorimeter uses a fila- 
ment white light source which is transmitted through filters which can 
only reduce the light to a band thirty millimicrons wide, instead of true 
monochromatic light. The dyes were not tested for molecular dispersion 
but as some dyes are known to aggregate this may have introduced additional 
error. 

In view of these known errors in colorimetry it was expected that 
the dyes might depart somewhat from Beer's law. In trial runs with 
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precisely controlled very dilute concentrations of dye, it was found that 
when density obtained from formula (3) was plotted against concentration 
the resulting line was not straight but slightly curved for each dye. As 
the line thus generated by optical density and concentration was fairly 
close to being a straight line it was concluded the dye solutions were 
measurable, that is the solutions followed Beer's law closely enough to 
be in accord with Vickerstaff (30) who states the optical density of a 
solution is directly proportional to its concentration if the thickness 
of a solution is constant. He advocates computing the constant K for 
each dye as the most convenient method of determining concentration of 
dye samples. 

As a trial the absorbancy index (K) was computed for each trans- 
mission reading of each concentration previously noted. This was done by 
rewriting formula (6) to 



K = D/Cl (7) 

Where D is optical density as computed from formula (5), C is known pre- 
pared concentration in grams per liter, and 1 is width of cell which is 
one centimeter. The absorbancy index was averaged for each dye, and dye, 
buffer, salt combination. The results are shown in Tables 12-36. The 
absorbancy index was found quite constant for the blue dye, fairly constant 
for the orange, and quite variable for the yellow dye. 

By using the now known absorbancy index (K) for each dye solution 
the concentration of each sample was computed directly by using formula 
(6) rewritten as. 



C a D/Kl 



( 8 ) 
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By checking several dye runs and obtaining the concentration by referring 
to curves plotted from formulas (U) and (5), and by obtaining the con- 
centration of the same samples by computing directly from formula (8), 
it was found that all three methods gave relatively similar results. It 
is questionable as to which method is the most accurate but it can be 
noted that all three are simply different presentations of the same 
basic transmission versus known concentration data. 

It was decided that the formula (8) method of computing concentra- 
tions from sample transmission readings would be used in this investigation. 

The formula (8) method could not be used if the absorption index 
constant (K) was not constant for each concentration. For instance with 
the Pontamine Fast Orange EGL dye each K is relatively the same for a 
particular dye-salt combination. The same is true with the K's determin- 
ed for Pontamine Blue AX cone. By using an average K the formula method 
gives practically the same result as the graphical method. The Yellow 
absorption '’constants" (K) are not constant. They vary from 15 to 22.3 
on the same table of dye-salt combination. Without a fairly constant K 
the formula cannot be used, even if an average constant is found, as this 
indicates a non-linear relationship between density and concentration. 

In the case of the yellow dye the formula (8) should not be used. 

Vickerstaff (3l) states that even when precautions are taken to 
eliminate errors by using monochromatic light a departure from Beer's law 
may still be possible due to a change in the condition of the dye con- 
centration. This change is generally because of a change in aggregation 
of the molecules of the dye. He states that several investigators have 
found some very marked tendencies by direct dyes to change from single 
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molecules at low concentrations to double molecules at higher concentra- 
tions. He found that the maximum absorption points, as obtained from 
wavelength versus transmission, of some direct dyes did not remain at a 
constant wavelength, with varying concentrations, but moved towards lower 
wavelengths with increasing concentrations. 

From this it may be assumed that even though a straight line rela- 
tionship between optical density and concentration was found for a dilute 
sample, this relationship may not hold for a more concentrated dyebath. 

In this experiment by using a dilute sample and multiplying the concen- 
tration obtained by the dilution factor, the actual dyebath concentration 
was obviously not obtained. Because of this it is thought that dilute 
samples are not always related to concentrated samples and the method 
used was wrong. 

In a concentrated solution (0.5 g/l) the yellow dye is veiy redj 
when diluted so it can be read on the colorimeter (0.03 g/l), it is pale 
yellow. This change in color alone would indicate different optical pro- 
perties, and that the diluted solution readings would not necessarily give 
the actual concentrations. The same color change occurs when the orange 
dye solution is diluted. The blue dye stays blue at all concentrations 
which would indicate at least a constant optical property. It is noted 
that the blue dye gave the best results on the colorimeter. 

As the colorimeter can not read concentrated dyebath solutions with 
the normal cell available, the samples had to be diluted. It now appears 
that this dilution was the source of error. Dilution can only be done if 
there is no aggregation or other change of the solution at high concentra- 
tions. By using diluted samples which apparently follow Beer’s law, it 



37 



could not be proven the more concentrated dyebath samples also follow 
Beer's law. In this case aggregation was not determined but the results 
indicate the possibility. Stearns (32) recommends, when using the spectro- 
photometer in analyzing direct dyes, the use of polyethylene oxide con- 
densate together with a pH of 7 (neutral) in the dyebath to prevent aggre- 
gation. 

An intensive review of the colorimetry literature did not reveal 
a specific reference that it was appropriate to use diluted sample solu- 
tions for colorimeter readings. Mellon (33) did state that in quantiative 
analysis with the spectrophotometer, dilution of the sample must sometime 
be done. He states that there must be no change in aggregati on with 
different concentrations, and the solution must follow Beer’s law 0 The 
method may introduce error due to measuring dilutions, but the error 
should not be prohibitive. 

It would seem the answer to the question is in being able to measure 
the per cent transmission of light through a actual undiluted dyebath sam- 
ple. This cannot be done with the present colorimeter using a one centi- 
meter wide cuvette for holding the dye solution. By using a very narrow 
cuvette or a very narrow cell on the spectrophotometer the undiluted dye- 
bath solution could possibly be measured. This would allow the preparation 
of actual concentration versus per cent transmission or density curves and 
their actual relationship could be determined without involving dilution 
or aggregation errors, provided, of course, polyethylene oxide condensate, 
or some similar compound was used to prevent aggregation. 

The Calco Division of the American Cyanamid Company, Bound Brook, 

New Jersey has developed a special instrument, the Dyeometer, which measures 
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accurately dyebath concentrations. As described by Kienle (3li) the Dyeo- 
meter consists of two units, the dyebath chamber, and the cell measuring 
unit. A sample of, the dyebath is continuously put through the cell unit. 
The cell unit is a special glass unit constructed to allow photoelectric 
measurement of the dye solution. A spectrophotometer is used to actually 
measure the concentration in the cell unit. The dyebath of any concentra- 
tion can be measured directly, without dilution, by using several specially 
made interchangeable cell units of different thicknesses. The cell widths 
vary from one to ten millimeters in width. 

Simon (35) similarly found that dyebaths could be measured in con- 
centrated form with a spectrophotometer by putting the dye solution through 
a special absorption cell that can be varied in thickness. He found that 
dyebaths of most common dyes could be measured in this cell which can be 
adjusted from less than one millimeter to eleven millimeters in thickness. 

Both Kienle and Simon found good correlation with dyebath exhaustion 
determined with their special equipment, and dyebath exhaustion data ob- 
tained from actual productions runs in industry. 

It would seem that special narrow cells of one millimeter to ten 
millimeters would have to be used with the colorimeter in order to actually 
measure concentrated dyebath solutions. 

It must be concluded that the principle of diluting the dyebath to 
obtain colorimeter readings with a 10 millimeter cell, as was done in this 
work, gives inaccurate results. 

Dyeing Results . — For this work it was desired to use direct cotton dyes 
which are used a great deal in dyeing cellulose today. The dyes were 
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chosen because of their popularity, and because they represent a dye for 
each leveling class* It was felt that if an already popular dye which 
gave good results at normal temper ature also gave good results when 
applied in less time at high temperature, then the applicability of the 
new method would be more convincingly demonstrated. The dyes vised are 
listed in Table 5, with their properties. 

It was hoped that the dyes would not be stable at high temperatures 
in order that a determination of the effect of buffer control of the pH 
of the dyebath in retarding breakdown of the dye could be ascertained. 

By plotting curves of per cent transmission versus wavelength from each 
of the heat stability tables (which immediately follow their respective 
dye run data tables) it can be seen that the curve for the beginning and 
the curve for the end of the dye run are similar. This indicates that, 
within the limitations of the colorimeter, the dyes were stable far each 
high temperature run. The action of the various buffers used to give 
alkaline, neutral, and acid dyebaths therefore had no demonstrable effect 
on the heat stability of these particular dyes . 

By visual inspection of the dyed yarns it was determined that the 
addition of a buffer with high temperature did give the orange dyed yarn 
a brighter shade . Little effect of the buffers was noticed on the shade 
of yellow and blue dyed yarns. 

It was particularly noted that all the buffers used imparted a 
slightly better light-fastness to all three dyes. 

The buffers did affect the exhaustion of the baths. The ammonium 
sulphate and ammonium phosphate buffers, with high temperature especially, 
increased the overall dyebath exhaustion as compared to the exhaustion 



obtained at high temperatures without these buffers. The sodium acetate 
made little difference in the high temperature exhaustions. 

The temperature did affect the exhaustions as was expected. The 
high temperature alone with Pontamine Fast Orange EGL lowered the exhaus- 
tion slightly as compared with normal temperature dyeing. However,, when 
a buffer was added to the orange dye the exhaustion was increased. For 
instance high temperature alone gave an exhaustion of Ul per cent; when 
ammonium sulphate was used with high temperature the exhaustion increased 
to 61,5 per cent. The high temperature alone raised the exhaustion of 
Pontamine Blue AX eleven per cent over normal temperatures, and when a 
buffer was added the exhaustion was increased slightly more „ The actual 
exhaustions for each dye, and dye buffer combination, are summarized in 
Tables 2 through Lu 

The normal dye runs were of forty minutes duration. The high tem- 
perature dye runs were of sixty minutes duration, which included ten 
minutes at 25>0° F., and fifteen minutes at 190° F, for salting. The rest 
of the sixty minutes was required to raise and lower the temperature, and 
if this time could be shortened, although it probably would not affec t the 
dyeing, it would speed the application. On the package dyeing machine 
used, the high temperature application did take longer because of the time 
required to attain high temperature. 

As the Pontamine Blue AX gave better exhaustions when applied at 
high temperature and appeared a more level and deeper shade on the yarn, 
it would seem logical that high temperature is most applicable to the 
Class C, temperature controllable, hard to level type direct dyes G 
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Table 2. Comparison of Dyebath Exhaustions 
for Pontamine Fast Yellcw RL 



Average 
Dyebath 
Per Cent 



Average Time 
of Dye Runs 



Change in Time 
from Normal 



Per Cent 
' Change 

in Exhaustion 



Type Run 


Exhaustion 


in Minutes 


in Minutes 


from Normal 


Normal Temp 


. 30.3 


ao 






High Temp* 
with salt 










only 


9.h 7 


85 


U5 More 


20,8 Less 


High Temp® 
with pH 

(7.5) 


13.7 


85 


U5 More 


16„6 Less 


High Temp,, 
pH (6 o 0) 


27 .5 


a5 


5 More 


2.8 Less 


High Temp, 
pH (8.5) 


19.0 


60 


20 More 


11 o3 Less 
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Table 3. Comparison of Dyebath Exhaustions 
for Pontamine Fast Orange EGL 



Type Run 


Average 
Dyebath 
Per Cent 
Exhaustion 


Average Time 
of Dye Runs 
in Minutes 


Change in Time 
from Normal 
in Minutes 


Per Cent 
Change 

in Exhaustion 
from Normal 


Normal Temp 
Dyeing 


U7.0 


35 






High Temp. 

Dyeing, salt 

only U5.3 


85 


50 More 


1.7 Less 


High Temp. 
pH (7.5) 


61.5 


55 


20 More 


lU.5 More 


High Temp. 

pH (8.5) 


50.8 


57 


22 More 


2.2 More 


High Temp. 
pH (6.0) 


53.8 


58 


23 More 


6.8 More 
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Table In Comparison of Dyebath Exhaustions 
for Pontamine Blue AX Cone, 



Type Run 


Average 
Dyebath 
Per Cent 
Exhaustion 


Average Time 
of Dye Runs 
in Minutes 


Change in Time 
from Normal 
in Minutes 


Per Cent 
Change 

in Exhaustion 
from Normal 


Normal Temp 
Dyeing 


63.9 


U5 






High Temp* 
salt only 


75.0 


80 


35 More 


11.1 More 


High Temp* 
pH (7*8) 


76.3 


60 


15 More 


12.lt More 


High Temp. 
pH (9.8) 


66.9 


65 


20 More 


3.0 More 


High Temp, 
pH (6.0) 


76.1 


67 


22 More 


12.2 More 
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As the Pontarnine Fast Orange gave much better exhaustions, and 
brightness, when high temperature and a buffer was used it would seem that 
the buffer is most applicable to the Class B or salt -controllable leveling 
type direct dye. 

Light-Fastness Results .— All of the dyes faded within forty hours in the 
Fade-Qmeter. The Pontarnine Fast Orange EGL faded just slightly at forty 
hours, and was still only slightly affected after eighty hours in the 
Fade-Qmeter. The Pontarnine Fast Yellow RL faded just appreciably in 
twenty hours, but was considerably deteriorated after forty hours. The 
Pontarnine Blue AX was not light fast. It faded just appreciably within 
five hours, and was greatly deteriorated after twenty hours. 

The low temperature applied dyes and the high temperature applied 
dyes faded just appreciably at the same time, and therefore must be given 
the same light-fastness classification. It was noted however that the 
high temperature applied dyes were subject to less deterioration overall 
when exposed tip to eighty hours. Thus it can be stated that the light 
fastness was slightly improved by high temperature for the orange and 
blue dye especially. This improvement is probably not the result of a 
better chemical resistance, but due to better diffusion of dye into the 
fibers, and more dye on the yarn. 

Wash-Fastness Results .— All of the dyes and various dye buffer combinations 
bled onto the white cotton backing sewn to the tested yarn sample during 
the wash-fast test. Direct dyes are not notably wash-fast without after 
treatment, and the high temperature, or buffers, did not improve the 
wash-fastness of the three dyes used. 
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Yarn Strength Test .' — The overall average strength of the yarn before dye- 
ing was 1.2 1; 8 pounds. The overall strength of the dyed yarns was 1.193 
pounds, a slight decrease. This loss in strength was just as applicable 
to the high temperature samples as to the normal temperature samples of 
yarn. It is therefore stated that high temperature application of dyes 
has no significant effect on the strength of the yam. 
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CHAPTER VI 
CONCLUSIONS 

The remarks which follow are applicable only to the three direct 
cotton dyes used in this investigation. One direct dye representing a 
leveling class can not be considered to reflect the general cbaracteris- 
tics of the entire class. At best the results of this investigation can 
be compared with the results of other investigations for an indication 
of how the remainder of the dyes in each class might react to high tem- 
perature application. 

High temperatures can be used to apply these three dyes success- 
fully. The dyeings were as good in every way, and slightly superior in 
light fastness, as the normal temperature applied dyeings. There was no 
significant loss in strength of the yarn, or loss of shade of the dye 
color, when high temperature application was used. 

Whether the high temperature method is economical, or necessary to 
get the best possible application, must still be determined. With an 
efficient dyeing machine the time of high temperature application could 
be reduced below the time required for dyeing at the boil, but this saving 
in time would be small and would not seem to justify the added expense from 
either an economic or a technical standpoint. 

The results of this experiment do not indicate a significant im- 
provement in the high temperature applied dyes investigated to warrant 
recommendation of the method. The Class C dye used gave better exhaustions 
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with high temperature, arid this indicates the Class C, or temperature con- 
trollable hard to level dyes, are benefited by the high temperature tech- 
nique more than Class A or B direct dyes. Whatever improvement may be 
gained by using high temperature application of direct dyes on cotton 
would seem to be with the Class C dyes only. 

The difficulties experienced in measuring dyebath concentration 
were the result of inadequate information on the subject of colorimetry 
of dyebath solutions. The errors noted may have been made in other dye- 
bath measurements by other investigators. If diluted samples of the dye- 
bath are used for colorimetric light transmission measurements, this fact 
should be stated in all published articles, as dilution has a direct bear- 
ing on the accuracy of the measurement. 

When a direct dye is stable at high temperatures the use of a buffer 
to control the pH is apparently not necessary. 

Even though high temperatures may give greater diffusion and level- 
ing the most powerful dyeing assistant for direct dyes is salt. In all 
dye runs, except the yellow, very little dye was put on the fiber with 
temperature until the dyebath was salted. In fact high temperature in all 
cases actually reduced the amount of dye on the yam, and the yarn was not 
really dyed until the bath was cooled and salt added. 



CHAPTER VIT 



REC OHMEND ATT ONS 

Only three direct dyes were tested in this work as to heat stability 
and exhaustion at high temperatures* It has been shown that these dyes 
can be applied at high temperature without dyestuff breakdown,, or color 
change. In order to get a complete picture, and before the dyeing in- 
dustry can actually realize any possible benefits, each direct dye must 
be tested for heat stability. This can best be done by the dyestuff 
manufacturers o 

It was found that the buffers used imparted to the dyes a better 
resistance to overall fading. It was also found that the buffers in com- 
bination with high temperature gave better exhaustions to the Class B or 
salt-controllable leveling type direct dye used. The role of the buffers 
in giving these results should be investigated. 

A more thorough study of colorimetry as applicable to dye solutions 
should be made. All of the dyes should be tested for aggregation and 
color differences at varying concentrations. The results of these in- 
vestigations should be published together with the most practical and 
accurate method of measuring dye solution concentrations with standard 
equipment . 

Until the above empirical knowledge is obtained, the dyeing in- 
dustry will not be able to determine whether any material benefit is to be 
gained from the use of high temperatures in applying direct dyes to cotton. 
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Table 5 

Manufacturer: E. I. du Pont 


. List of 
de Nemours 


Dyes Used 

and Company, Inc. 






Light 


Wash 


Solubility 




Fastness 


Fastness 


in 


Direct Cotton Dye 


Rating 


Rating 


Water 


Class A 

Pontamine Fast Yellow RL 
best affinity 120® F., 
pr. 582 


k 


5 


Very Sol. 
Hot or 
Cold 


Class B 

Pontamine Fast Orange EGL 
best affinity 160® F., 
pr. 72 


h 


5 


Very Sol. 
Hot or 
Cold 


Class C 

Pontamine Blue AX Cone, 
best affinity 190® F., 
C.I. 502 


1 


5 


Moderately 
Sol. - Hot 
or Cold 



Table 6. Yarn Number of Scoured, 
Undyed Cotton Yarn 



Sample 

Number 


Weight in Grains 
of 120 Yards 


Yarn 

Number 


1 


61.5 


16.25 


2 


63.8 


15.68 


3 


6 U .0 


15.62 


h 


61.6 


16 .2 U 


5 


63.9 


15.65 


6 


61.1 


16.37 


7 


59.9 


16.70 


8 


62 .h 


16.05 


9 


68.1 


Hi .69 


10 


65.6 


15.22 


11 


63.2 


15.80 


12 


59.8 


16.70 


13 


61 .U 


16.27 


1 U 


62.8 


15.91 


15 


68.6 


IU.59 


16 


65. h 


15.28 


17 


63.7 


15.69 


18 


6 U .1 


15.60 


19 


63.5 


15.75 


20 


59.7 


16.77 


21 


68.2 


1 U .67 


22 


61.1* 


16.28 


23 


60.3 


16.59 


Total 

Average 




36U.73 

15.85 
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Table 7. Twist of Scoured, Undyed 
Cotton Yarn in Turns per Inch 



Direction of Twist: "Z" 



Sample 

Number 


Turns 
per Inch 


1 


17.5 


2 


18.2 


3 


19.78 


h 


16.8 


5 


18.2 


6 


16.5 


7 


17.5 


8 


19.6 


9 


18.9 


10 


19.7 


11 


18.55 


12 


16.5 


13 


18.8 


lh 


17. h 


15 


18.1 


16 


19.8 


17 


18.5 


18 


17.7 


19 


17.6 


20 


18.U5 


21 


18.55 


22 


17.9 


23 


16.9 


Total 

Average 


U 18.03 

18.17 
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Table 8. Single Strand Breaking Strength 
of Scoured, Undyed Cotton Yarn 



Sample 

Number 


Strength 
(pounds ) 

(average of 3 breaks) 


1 


1.22 


2 


1.20 


3 


1.3U 


k 


1.25 


5 


1.21 


6 


1.15 


7 


1.22 


8 


1.18 


9 


1.38 


10 


1.25 


11 


1.26 


12 


1.09 


13 


1.26 


lh 


1.19 


15 


1.55 


16 


1.38 


17 


1.1U 


18 


1.3k 


19 


1.18 


20 


1.20 


21 


1.27 


22 


1.2ii 


23 


1.18 


Total 

Average 


28.68 

1.2U 



Table 9. Light Absorption Percentages 
for Pontamine Fast Yellow RL 



Value of Transmission of 
Monochromatic Filter 
(millimicrons ) 


Color 


Percentage 
Transmission 
of light 


Percentage 
Absorption 
of light 


390 


Violet 


31 


69 


U20 


Blue 


Uo.6 


59.1i 


Uito 


Blue 


51.U 


1+8 .6 


165 


Blue 


67 .h 


32.6 


k9 0 


Green 


83.7 


16.3 


515 


Green 


88.6 


11 .U 


550 


Green 


99.0 


1.0 


575 


Amber 


99.3 


.7 


595 


Orange 


99.6 


.U 


620 


Red 


100 


0 


6U0 


Red 


99.6 


.U 


660 


Red 


99.6 


.a 



Composition of Solution: 

1 gram of dye 

8 grams of sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to yield a concentration of .03 gram 
of dye per liter of solution. 
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Table 10. Light Absorption Percentages 
for Pontamine Fast Orange EGL 



Value of Transmission of 
Monochromatic Filter 
(millimicrons) 


Color 


Percentage 
Transmission 
of Light 


Percentage 
Absorption 
of Light 


390 


Violet 


20.5 


79.5 


U20 


Blue 


20.2 


79.8 


hho 


Blue 


25.0 


75.0 


U65 


Blue 


U0.8 


59.2 


U90 


Green 


58 .0 


U2.0 


515 


Green 


76.6 


23 .U 


550 


Green 


97.1 


2.9 


575 


Amber 


99.0 


1.0 


595 


Orange 


99. U 


.6 


620 


Red 


99.9 


.1 


6U0 


Red 


99.9 


.1 


660 


Red 


99.9 


.1 



Composition of Solution: 

1 gram dye 

8 grams sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to yield a concentration of .03 grams 
of dye per liter of solution. 
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Table 11* Light Absorption Percentages 
for Pontamine Blue AX Cone. 



Value of Transmission of 
Monochromatic Filter 
(milliraic rons ) 


Color 


Percentage 
Transmissi on 
of light 


Percentage 
Absorption 
of Light 


390 


Violet 


61.9 


39.1 


U20 


Blue 


60. k 


39.6 


l*Uo 


Blue 


59.0 


Ul.O 


1*65 


Blue 


55.5 


I tit .5 


h9 0 


Green 


30.5 


69.5 


515 


Green 


21.1 


78.9 


550 


Green 


5.6 


9h. b 


575 


Amber 


9.6 


90 .a 


595 


Orange 


12.7 


87.3 


620 


Red 


20.6 


79. U 


6U0 


Red 


37.1 


62.9 


660 


Red 


UU.U 


55.6 



Composition of Solution: 

1 grams of dye 
8 grams of sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to yield a concentration of .03 gram 
of dye per liter of solution. 
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Table 12. Light Transmission for 
Pontaraine Fast Yellow RL 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams/liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.03 


22.0 


0.658 


21.9 


0.025 


28.3 


0.5U8 


21.9 


0.02 


36.7 


0.135 


21.8 


0.015 


5U.U 


0.26U 


21.8 


0.01 


63 .U 


0.198 


19.8 


0.005 


83.2 


0.080 


16.0 


Total K 






107.2 


Average K 






17.85 



Composition of Solution: 

1 gram of dye 
8 grams sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to yield the working concentrations 
listed above. 



Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio -used on Colorimeter ■ 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 



Summary of computation: 



D = log 




■j£ formula 

formula (7) 



(5) 



D and K are pure numbers, without units. 
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Table 13 . light Transmission for 
Pontamine Fast Yellow R1 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams /liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.03 


2U.9 


0.611 


20. U 


0.029 


28.2 


0.990 


22.0 


0.02 


38. U 


0.10.6 


20.8 


0.019 


96.3 


0.290 


16.79 


0.01 


69.8 


0.181 


18.1 


0.009 


82.7 


0.083 


16.99 


Total K 






11U.60 


Average K 






19.10 



Composition of Solution: 

1 gram of dye 

2 grams ammonium sulphate 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to yield the concentrations listed 
above . 



Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table liu light Transmission for 
Pontamine Fast Yellow EL 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams/liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.03 


25.7 


0.590 


19.65 


0.025 


27.1 


0.567 


23.05 


0.02 


35.5 


0.1^50 


22.50 


0.015 


5U.2 


0.266 


17.71 


0.01 


66.7 


0.176 


17.60 


0.005 


87.7 


0.056 


11.2 


Total K 






111.71 


Average K 






18.62 



Composition of Solution: 

1 gram of dye 

2 grams of sodium acetate 
Sufficient tap "water to give one 

liter of solution 

The above solution was then diluted to give the concentrations listed 
above . 



Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 1 5. light Transmission for 
Pontamine Fast Yellow RL 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams/liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.03 


21.5 


0.668 


22 .30 


0.025 


32.2 


0.U92 


19.70 


0.02 


3U. 2 


0.U65 


23.22 


0.015 


56.0 


0.252 


16.81 


0.01 


6U.7 


0.189 


18.90 


0.005 


8U.1 


0.075 


15.00 


Total K 






100.93 


Average K 






18.60 



Composition of Solution: 

1 gram of dye 

2 grams of ammonium phosphate 
Sufficient water to give one 

liter of solution 

The above solution was then diluted to give concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 16. Light Transmission for 
Pontamine Fast Yellow RL 



Concentration 
of Dye 

(graras/liter) 

(c) 


Per Cent 
Transmission 

(T) 


Optical 

Density 

(D) 


Absorbancy 

Index 

(K) 


0.03 


27.9 


0.555 


18.50 


0.025 


33.0 


0.U81 


19.25 


0.02 


36.6 


O.U39 


20.95 


0.015 


56.8 


0.2U6 


16.U0 


0.01 


66.8 


0.175 


17.50 


0.005 


8U.5 


0.073 


Hi .65 


Total K 






92.6 


Average K 






18.52 



Composition of Solution: 

1 gram of dye 

Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 






i 
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Table 17 . Light Transmission for 
Pontamine Fast Yellow RL 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams/liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.030 


22.8 


0.6U2 


21.21 


0.025 


30.5 


0.516 


20.65 


0.020 


U5.6 


0.3U2 


17.20 


0.015 


58.2 


0.235 


15.65 


0.010 


69.1 


0.160 


16.00 


0.005 


83.6 


0.079 


15.80 


Total K 






106.51 


Average K 






17.75 



Composition of Solution: 

1 gram of dye 

2 grams ammonium sulphate 
8 grams sodium chloride 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to give concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 18. light Transmission for 
Pont amine Fast Yellow RL 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams/liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.030 


23. h 


0.631 


21.02 


0.025 


27.8 


0.559 


22.35 


0.020 


39.5 


0.U0U 


20.20 


0.015 


58.1 


0.236 


15.75 


0.010 


66 .U 


0.178 


17.80 


0.005 


82.8 


0.082 


16. Uo 


Total K 






113.52 


Average K 






18.92 



Composition of Solution: 

1 gram of dye 

2 grams sodium acetate 
8 grams sodium chloride 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to give dye concentrations listed 
above. 



Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 19. Light Transmission for 
Pontamine Fast Yellow RL 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams/liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.030 


22.0 


0.658 


21.95 


0.025 


26.7 


0.57a 


22.95 


0.020 


36.5 


O.U38 


21.90 


0.015 


51.1 


0.291 


19.U2 


0.010 


67.0 


0.17U 


17 . ao 


0.005 


82 .U 


o.osa 


16.80 


Total K 






120. a2 


Average K 






20.02 



Composition of Solution: 

1 gram of dye 

2 grams of ammonium phosphate 
8 grams of sodium chloride 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to give dye concentrations listed 
above . 



Monochromatic Filter Used in Colorimeter: 

Violet 390 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 



65 



Table 20. Light Transmission for 
Pontamine Fast Orange EGL 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams/liter) 


Transmissi on 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


.03 


20.2 


0.695 


23.19 


.025 


27.2 


0.566 


22.61 


.02 


3li.l 


0.U55 


22.75 


.015 


U6.5 


0.333 


22.15 


.01 


59.0 


0.229 


22.90 


.005 


77.2 


0.113 


22.60 


Total K 






136.20 


Average K 






22.70 



Composition of Solution: 

1 gram of dye 

8 grams of sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to yield the working concentrations 
listed above. 



Monochromatic Filter Used in Colorimeter: 

Blue U20 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 21* Light Transmission for 
Fontamine Fast Orange EGL 



Concentration 


Per' Cent 


Optical 


Absorbancy 


of Dye 

(grams/liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.030 


19.7 


0.706 


23.50 


0.025 


26.0 


0.585 


23 .U0 


0.020 


33.5 


O.U75 


23.75 


0.015 


51.U 


0.289 


19.25 


0.010 


59.8 


0.223 


22.30 


0.005 


77.8 


0.109 


21.80 


Total K 






13U.00 


Average K 






22 .33 



Composition of Solution: 

1 gram of dye 

2 grams ammonium sulphate 
Sufficient water to make one 

liter of solution 

The above solution was then diluted to give the dye concentrations listed 
above . 



Monochromatic Filter Used in Colorimeter: 

Blue 1|20 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 22. Light Transmission for 
Pontamine Fast Orange EGL 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams/liter) 


Transmission 


Density 


Index 


( c ) 


(T) 


(D) 


(K) 


0.030 


19.3 


0.71 U 


23.80 


0.025 


30.1 


0.522 


20.92 


0.020 


3 h .3 


O . U 63 


23.20 


0.015 


50.2 


0.299 


19.95 


0.010 


59.6 


0.225 


22.50 


0.005 


78.8 


0.103 


20.60 


Total K 






130.97 


Average K 






21.83 



Composition of Solution: 

1 gram of dye 

2 grams of sodium acetate 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to give the dye concentrations listed 
above . 



Monochromatic Filter Used in Colorimeter: 

Blue h20 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 23. Light Transmission for 
Pontamine Fast Orange EGL 



C oncentrati on 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams/liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.030 


19. U 


0.713 


23.78 


0.023 


23.2 


0.399 


23 .9U 


0.020 


33.6 


0.UU8 


22 .I42 


0.013 


U3.0 


0.3U7 


23.13 


0.010 


60.0 


0.222 


22.20 


0.003 


77.2 


0.113 


22.39 


Total K 






138.08 


Average K 






23.01 



Composition of Solution: 

1 gram of dye 

2 grams of ammonium phosphate 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to give the concentrations listed 
above . 



Monochromatic Filter Used in Colorimeter: 

Blue 1*20 millimicrons 

Scale ratio used on Colorimeter: 

13 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 2l*. Light Transmission for 
Pont amine Fast Orange EGL 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams/liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.030 


19.8 


0.701* 


23.1*5 


0.025 


28.6 


0.51*1* 


21.78 


0.020 


33.6 


0.1*73 


23.65 


0.015 


1*8.9 


0.311 


20.75 


0.010 


59.9 


0.223 


22 .30 


0.005 


77.6 


0.110 


22.00 


Total K 






133.93 


Average K 






22 .32 



Composition of Solution: 

1 gram of dye 

Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give the dye concentrations listed 
above . 



Monochromatic Filter Used in Colorimeter: 

Blue 1*20 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 25. light Transmission for 
Pontamine Fast Orange EGL 



Concentration 


Per> Cent 


Optical 


Absorbancy 


of Dye 

(grams /liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.030 


19.7 


O.706 


23.51 


0.025 


26.1 


0.583 


23.35 


0.020 


3U.0 


O.U68 


23 .U 


0.015 


bh»0 


0.357 


23.80 


0.010 


58.1 


0.236 


23.60 


0.005 


76.1 


0.119 


23.81 


Total K 






1U1.U8 


Average K 






23.58 



Composition of Solution: 

1 gram of dye 

2 grams of ammonium sulphate 
8 grams of sodium chloride 
Sufficient tap -mater to make one 

liter of solution 

The above solution was then diluted to give the dye concentrations listed 
above . 



Monochromatic Filter Used in Colorimeter: 

Blue U20 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 26. Light Transmission for 
Pontamine Fast Orange EGL 



Concentration 
of Dye 

(grams/liter) 

(c) 


Per-Cent 

Transmission 

(T) 


Optical 

Density 

(D) 


Absorbancy 

Index 

(K) 


0.030 


19.2 


0.717 


23.90 


0.025 


21+.2 


0.616 


21.61 


0.020 


31+.9 


0.1+57 


22.90 


0.015 


1+3.1+ 


0.363 


2lu25 


0.010 


59.0 


0.229 


22.90 


0.005 


76.5 


0.117 


23.UO 


Total K 
Average K 






11+1.96 

23.66 



Composition of Solution: 

1 gram of dye 

2 grams of sodium acetate 
8 grams of sodium chloride 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to give dye concentrations listed 
above. 



Monochromatic Filter Used in Colorimeter: 

Blue 1*20 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 27. Light Transmission for 
Pontamine Fast Orange EGL 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams /liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.030 


19. U 


0.712 


23.75 


0.025 


23.9 


0.622 


2U.85 


0.020 


32.3 


0.U91 


21.50 


0.015 


uu.1 


0.356 


23.75 


0.010 


56.9 


0.2U5 


2U.50 


0.005 


75.0 


0.125 


25.00 


Total K 






1U6 .35 


Average K 






2h.39 



Composition of Solution: 

1 gram of dye 

2 grams of ammonium phosphate 
8 grams of sodium chloride 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to give dye concentrations listed 
above. 



Monochromatic Filter Used in Colorimeter: 

Blue U20 millimicrons 

Scale ratio used on Colorimeters 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 28. Light Transmission for 
Pontamine Blue AX Cone. 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 


Transmission 


Density 


Index 


(grams /liter) 








(c) 


(T) 


(D) 


(K) 


.03 


5.o 


1.301 


1*3.1* 


.025 


8.0 


1.097 


1*3.8 


.02 


13.8 


0.81*0 


1*2.0 


.015 


22.9 


0.61*0 


1*2.7 


.01 


36.8 


O.U33 


1*3.3 


.0075 


U7-5 


0.321* 


1*3.3 


.005 


61.2 


0.215 


1*3.1 


.003 


73.9 


0.131 


1*3.6 


.0025 


78.8 


0.103 


1*1.3 


.002 


81.5 


0.088 


1*1*. o 


.001 


90.0 


0.01*6 


1*6.0 


Total K 






1*30.5 


Average K 






1*3.05 



Composition of Solution: 

1 gram of dye 

8 grams of sodium chloride 
Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to yield the working concentrations 
listed above. 



Monochromatic Filter Used in Colorimeter : 

Green 55 0 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 29. Light Transmission for 
Pontamine Blue AX Cone. 



Concentration 
of Dye 

(grams /liter) 

(c) 


Per Cent 
Trans mis si on 

(T) 


Optical 

Density 

(D) 


Absorbancy 

Index 

(K) 


0.030 


5.3 


1.276 


1*2.2 


0.025 


9.5 


1.022 


1*0.9 


0.020 


15.2 


0.817 


1*0.8 


0.015 


26.2 


0.582 


38.9 


0.010 


1*1.1 


0.386 


38.6 


0.005 


60.2 


0.221 


1*1* .2 


0.001 


89.5 


0.01*9 


1*9.0 


Total K 






2U5.6 


Average K 






1*0.93 



Composition of Solution: 

1 gram of dye 

2 grams of ammonium sulphate 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to give concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Green 550 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduati ons 







1 
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Table 30. Light Transmission for 
Pontamine Blue AX Cone . 



Concentration 
of Dye 

(grams/liter) 

(c) 


Per Cent 
Transmission 

(T) 


Optical 
Densi ty 

(D) 


Absorbancy 

Index 

(K) 


0.030 


5.5 


1.260 


1*2.0 


0.025 


8.7 


1.060 


1*2.1* 


0.020 


15.5 


0.810 


1*0.5 


0.015 


25.1 


0.600 


l*o.o 


0.010 


37.5 


0.U26 


1*2.6 


0.005 


62.8 


0.202 


1*0.1* 


0.001 


90.5 


0 . 0 UU 


1*2.0 


Total K 






289.90 


Average K 






la .la 



Composition of Solution: 

1 gram of dye 

2 grams sodium acetate 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to give concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Green 550 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 31. Light Transmission for 
Pontamine Blue AX Cone. 



Concentration 
of Dye 

(grams/liter) 

(c) 


Per,.; Cent 
Transmissi on 

(T) 


Optical 
Densi ty 

(D) 


Absorbancy 

Index 

(K) 


0.030 


5.U 


1.268 


1*2.3 


0.025 


8.7 


1.060 


ia. 2 


0.020 


15.2 


0.818 


1*0.9 


0.015 


27.5 


0.563 


37.6 


0.010 


39.9 


0.399 


39.9 


0.005 


60.1* 


0.219 


1*3.8 


0.001 


90.0 


0.01*6 


1*6.0 


Total K 






291.7 


Average K 






1*1.67 



Composition of Solution: 

1 gram of dye 

2 grams of ammonium phosphate 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to the concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Green 550 millimicrons 

Scale ratio used on Colorimeter : 

1 5 Galvanometer Graduations to 
10 Transmission Dial Grad uat ions 
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Table 32. Light Transmission for 
Pontamine Bine AX Cone. 



Concentration 


Per Cent 


Optical 


Absorbancy 


of Dye 

(grams /liter) 


Transmission 


Density 


Index 


(c) 


(T) 


(D) 


(K) 


0.030 


5.2 


1.281* 


1*2.8 


0.025 


9.7 


1.013 


1*0.5 


0.020 


1U.7 


0.803 


1*0.2 


0.015 


23.6 


0.625 


1*1.7 


0.010 


38.0 


0.1*20 


1*2.0 


0.005 


61.0 


0.215 


1*3.0 


0.001 


87.1 


0.060 


1*1.6 


Total K 






291.8 


Average K 






1*1.68 



Composition of Solution: 

1 gram of dye 

Sufficient tap water to make one 
liter of solution 

The above solution was then diluted to give the dye concentrations listed 
above . 



Monochromatic Filter Used in Colorimeter: 

Green 550 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 33. light Transmission for 
Pontamine Blue AX Cone • 



Concentration 
of Dye 

(grams/liter) 

(c) 


Per Cent 
Transmission 

(T) 


Optical 

Density 

(D) 


Absorbancy 

Index 

(K) 


0.030 


8.5 


1.070 


35.7 


0.02^ 


10.8 


0.977 


39.0 


0.020 


19.5 


0.701 


35.1 


0.015 


2ln7 


O.6O7 


1*0.5 


0.010 


1*2.2 


0.375 


37.5 


0.005 


61*. 6 


0.190 


38.0 


0.001 


90.2 


0.01*5 


1*5.0 


Total K 






225.8 


Average K 






37.63 



Composition of Solution: 

1 gram of dye 

2 grams ammonium sulphate 
8 grams sodium chloride 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to give the dye concentrations listed 
above. 



Monochromatic Filter Used in Colorimeter: 

Green 550 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 



Table 3U. Light Transmission for 
Pont amine Blue AX Cone . 



Concentration 
of Dye 

(grams /liter) 

(c) 


Per. Ceht 
Transmission 

(T) 


Optical 

Density 

(D) 


Absorbancy 

Index 

(K) 


0.030 


6.3 


1.201 


U0.2 


0.02^ 


9.7 


1.013 


U0.6 


0.020 


17 .a 


O. 76 O 


38.0 


0.015 


2U.0 


0.620 


Ul.U 


0.010 


Ui.5 


0.382 


38.2 


0.005 


62 .0 


0.208 


la .6 


0.001 


89.6 


0.0U9 


19.0 


Total K 






2U0.0 


Average K 






Uo.o 



Composition of Solution: 

1 gram of dye 

2 grams of sodium acetate 
8 grams of sodium chloride 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to the dye concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Green 550 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 
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Table 35. Light Transmission for 
Pont amine Blue AX Cone. 



Concentration 
of Dye 

(grams/liter) 

( 0 ) 


Per -Gent 
Transmission 

(T) 


Optical 

Density 

(D) 


Absorbancy 

Index 

(K) 


0.030 


7.1 


1.155 


38.5 


0.025 


10.8 


0.988 


39.5 


0.020 


17.5 


0.757 


37.9 


0.015 


25.9 


0.587 


39.1 


0.010 


lt2.0 


0.377 


37.7 


0.005 


62.5 


0.205 


la.o 


0.001 


91.0 


O.oltl 


itl.0 


Total K 






271.70 


Average K 






39.2U 



Composition of Solution: 

1 gram of dye 

2 grams ammonium phosphate 
8 grams sodium chloride 
Sufficient tap water to make one 

liter of solution 

The above solution was then diluted to give concentrations listed above. 

Monochromatic Filter Used in Colorimeter: 

Green 550 millimicrons 

Scale ratio used on Colorimeter: 

15 Galvanometer Graduations to 
10 Transmission Dial Graduations 



Table 36. Summary of Absorption Indices 
Computed in Tables 12 through 35* 



Dye, Buffer 
Combination 


Absorption 

Index 

(K) 


Absorption Index 
of Same Dye and 
Buffer but with 
Salt Added 
(K) 


Pontamine Fast Yellow RL 


18.52 


17.85 


Pontamine Fast Yellow RL 
with Ammonium Sulphate 


19.10 


17.75 


Pontamine Fast Yellow RL 
with Sodium Acetate 


18.62 


18.92 


Pontamine Fast Yellow RL 
with Ammonium Phosphate 


18.60 


20.02 


Pontamine Fast Orange EGL 


22.32 


22.70 


Pontamine Fast Orange EGL 
with Ammonium Sulphate 


22.33 


23 .58 


Pontamine Fast Orange EGL 
with Sodium Acetate 


21.83 


23.66 


Pontamine Fast Orange EGL 
with Ammonium Phosphate 


23.01 


2U.39 


Pontamine Blue AX Cone . 


la. 68 


U3.05 


Pontamine Blue AX Cone, 
with Ammonium Sulphate 


h 0.93 


37.63 


Pontamine Blue AX Cone, 
with Sodium Acetate 


la. la 


U0.00 


Pontamine Blue AX Cone . 
with Ammonium Phosphate 


la. 67 


39. 2U 
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Table 37. Dyeing Cycle Data of Pontamine 
Fast Orange EGL at 
Normal Temperature 



Run 1 



Yarn Sample 1 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Volume of Dye Bath 



1*01.3 grams 
8.1*6 grams 
63.0 grams 
13 liters 



Dyebath 


Time 


Temp. 


pH 


Per Cent 




Cone. 


Sample 


in 


Degrees 


of 


Transmission 


Optical 


of Dyebath 


Number 


Minutes 


F. 


Remarks Bath 


Filter 1*20 mm 


Density (grams/liter) 










(T) 


(D) 


(c) 



0 


0 


90 Initial cone. 








0.363 


1 


3 


180 Dye only 


8.2 


61.8 


0.209 


0.1*63 


2 


10 


190 | Salt added 




62.3 


0.201* 


0. 1*1*8 


3 


13 


190 


8.U 


63.3 


0.197 


0.1*33 


U 


20 


190 | Salt added 




69.2 


0.139 


0.331 


3 


30 


200 


9.2 


72.6 


0.139 


0.307 



Total Dyebath Exhaustion - 1*3.8$ 
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Table 38. Dyeing Cycle Data of Pontamine 
Fast Orange EGL at 
Normal Temperature 

Run 2 Yam Sample 2 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Volume of Dye Bath 



1*51*. 1 grams 
9.08 grams 

68.0 grams 

15 .0 liters 



Dyebath 


Time 


Temp. 


pH 


Per Cent 


Cone. 


Sample 


in 


Degrees 


of 


Transmission 


Optical of Dyebath 


Number 


Minutes 


F. 


Remarks Bath 


Filter i+20 mm 
(T) 


Density (grams/liter) 
<D) (C) 



0 


0 


90 Initial cone 


• 






0.606 


1 


5 


100 Dye only 


8.2 


52.8 


0.277 


0.621 


2 


10 


185 




51* .0 


0.267 


0.589 


3 


15 


212 2 Salt added 




62 .2 


0.206 


0.U5U 


1* 


20 


208 


8.1* 


61*. 8 


0.188 


o.l*il* 


5 


25 


210 




61* .5 


0.190 


0.1*17 


6 


30 


210 | Salt added 




70.0 


0.155 


0.31*1 


7 


35 


212 




71.0 


0.1U9 


0.327 


8 


l*o 


212 


9.2 


72.0 


0.11*3 


0.315 



Total Dyebath Exhaustion - 1*8.0^ 
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Table 39. Dyeing Cycle Data of Pontamine 
Fast Yellow RL at 
Nomal Temperature 



Run 3 



Yarn Sample 3 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Volume of Dye Bath 



1*01.5 grams 
8.03 grams 
60.2 grams 
15 liters 



Dyebath 


Time 


Temp. 


pH 


Per Cent 


Cone . 


Sample 


in 


Degrees 


of 


Transmission 


Optical of Dyebath 


Number 


Minutes 


F. 


Remarks Bath 


Filter 390 mm 
(T) 


Density (grams/liter) 
(D) (C) 



0 


0 


90 Initial cone. 








0.536 


1 


5 


90 Dye only 


8. It 


68.0 


0.167 


0.1*52 


2 


10 


160 




68.0 


O.I 67 


O.U52 


3 


15 


210 ir Salt added 




69.6 


0.157 


0.1*67 


It 


20 


208 


8.8 


69.7 


0.158 


0 .1*1*3 


5 


25 


208 | Salt added 




70.6 


0.151 


0 . 1 * 21 * 


6 


30 


210 




72.9 


0.137 


0.381* 


7 


35 


210 




72.9 


0.137 


0.381* 


8 


1*0 


210 


9.0 


71*. 1 


0.130 


0.361* 



Total Dyebath Exhaustion - 32 . 2 % 
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Table 50. Dyeing Cycle Data of Pontamine 
Fast Yellow RL at 
Normal Temperature 

Run 5 Yarn Sample 5 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Volume of Dye Bath 



508.6 grams 
8.17 grams 
61.23 grams 
15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp . pH 

Degrees of 

F. Remarks Bath 


Per Cent 
Transmission 
Filter 390 mm 
(T) 


Cone • 

Optical of Dyebath 
Density (grams/liter) 
(D) (C) 


0 


0 


90 


Initial cone. 






0.555 


1 


5 


90 


Dye only 8 .5 


71.9 


0.153 


0.387 


2 


10 


170 




71.0 


0.159 


0.502 


3 


15 


190 




70.5 


0.152 


0.510 


5 


20 


208 


§ Salt added 8.8 


12. h 


0.150 


0.393 


5 


25 


200 




12.6 


0.139 


0.380 


6 


30 


210 




12.1 


0.139 


0.380 


7 


35 


200 


\ Salt added 


15.6 


0.122 


0.351 


8 


ho 


208 




Ih.h 


0.128 


0.358 


9 


15 


210 


9.1 


12.1 


0.139 


0.389 



Total Dyebath Exhaustion - 28.5$ 
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Table hi. Dyeing Cycle Data of Pont amine 
Blue AX Cone, at 
Normal Temperature 

Run 5 Yarn Sample 5 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Volume of Dye Bath 



hl9.1 grams 
8.38 grams 
62.86 grams 
15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F. 


pH 

of 

Remarks Bath 


Per Cent 
Transmission 
Filter 550 mm 
(T) 


Cone. 

Optical of Dyebath 
Density (grams /liter) 
(D) (C) 


0 


0 


90 Initial cone. 






0.558 


1 


5 


90 


8.h 


h3 .2 


0.365 


0.h38 


2 


10 


150 




3 6.0 


O.hhh 


0.532 


3 


15 


200 




37.0 


0.h32 


0.518 


U 


20 


210 ! 


Salt added 


h9.1 


0.309 


0.359 


5 


25 


212 


8.3 


5h.O 


0.268 


0.312 


6 


30 


210 




55.0 


0.260 


0.302 


7 


35 


200 i 


Salt added 


63.5 


0.197 


0.229 


8 


ho 


210 




66.3 


0.178 


0.207 


9 


h5 


212 


8.8 


6 7.0 


0.17h 


0.202 



Total Dyebath Exhaustion - 63 .8$ 
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Table 1+2. Dyeing Cycle Data of Pontaraine 
Blue AX Cone, at 
Normal Temperature 



Run 6 



Yarn Sample 6 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Volume of Dye Bath 



1+16.6 grams 
8.33 grams 
62.5 grams 
15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F. 


pH 

of 

Remarks Bath 


Per Cent 
Transmission 
Filter 330 mm 
(T) 


Cone. 

Optical of Dyebath 
Density (grams/liter) 
(D) (C) 


0 


0 


90 


Initial cone. 






0.333 


1 


5 


90 




9.6 


1+1+.3 


0.332 


0.1+23 


2 


10 


183 






36.9 


0.1+33 


0.318 


3 


13 


200 






36.3 


0.1+38 


0.326 


1+ 


20 


210 


1 

2 


Salt added 9.1+ 


1+6.3 


0.333 


0.387 


5 


23 


210 






30.9 


0.293 


0.31+1 


6 


30 


210 






31+.7 


0.262 


0.301+ 


7 


33 


210 


1 

2 


Salt added 


62.2 


0.206 


0.239 


8 


1+0 


210 






66.3 


0.177 


0.206 


9 


1+3 


210 




9.3 


67.3 


0.171 


0.197 



Total Dyebath Exhaustion - 61+. 2 % 



1 
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Table h3 . Dyeing Cycle Data of Pontamine 
Fast Yellow RL - Dye Only 
Test for Heat Stability 



Weight of Dye 8.5 grams 

Weight of Sodium Chloride 65 grams 
Volume of Dye Bath 15 liters 



Dyebath 


Time 


Temperature 


pH 


Sample 


in 


Degrees 


of 


Number 


Minutes 


F. 


Bath 



0 

1 

2 

3 

h 

5 

6 

7 

8 
9 



0 

5 

10 

Uo 

li5 

60 

95 

125 

155 

180 



90 

150 

212 

212 

190 

2U5 

250 

255 

255 

255 



7.6 



7.U 



7.6 
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Table 1*1*. Test for Heat Stability for 
Pontamine Fast Yellow RL 



Per cent transmission of light through variovE wave length filters for 
dye bath samples listed in Table 1*3. 



Monochromatic 

Filter 

Number 

(millimicrons) 



Dye Bath Sample Number 

1* 9 

Per Cent Transmission at.Wave 
Length Indicated f 



390 


62.5 


61*. 0 


59.9 


1*20 


6 7.3 


69.0 


61.0 


l*l*o 


7l*.8 


76.0 


65.0 


1*65 


81*. 8 


81* .6 


73.6 


1*90 


92.3 


92.1* 


81*. 6 


515 


91*. 6 


9l*.6 


89.0 


550 


9 8.7 


9 8.7 


97.8 


575 


98.75 


98.8 


98.9 


595 


98.8 


98.8 


98.9 


620 


98.9 


98.9 


99.5 


61*0 


99.2 


99.2 


99.0 


660 


99.1* 


99.3 


99.1 
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Table U5. Dyeing Cycle Data for Pontamine 
Fast Orange EGL - Dye Only 
Test for Heat Stability 



Weight of Dye 8.5 grams 
Weight of Sodium Chloride 65.0 grams 
Volume of Dye Bath 15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temperature 

Degrees 

F. 


pH 

of 

Bath 


1 


5 


180 


8.5 


2 


35 


212 


8.5 


3 


50 


250 


8.6 


U 


65 


255 


7.9 


5 


95 


235 


8.0 


6 


110 


190 


8.7 
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Table 46. Test for Heat Stability for 
Pontamine Fast Orange EGL 



Per cent transmission of light through various wave length filters for 
dye bath samples listed in Table 45. 



Monochromatic 

Filter 

Number 

(millimicrons) 



Dye Bath Sample Number 
1 ' 2 6 
Per Cent Transmission at Wave 
Length Indicated 



390 


58.5 


57.5 


57.0 


420 


58.7 


58.6 


57.6 


14*0 


62.3 


62 .3 


61.4 


465 


72.5 


72.5 


72.3 


490 


82.8 


82.8 


82.5 


515 


87.7 


87.7 


87.7 


550 


97.1 


97.1 


97.4 


575 


99.1 


99.1 


99.1 


595 


99.4 


99.4 


99.4 


620 


99.9 


99.9 


99.9 


640 


99.9 


99.9 


99.9 


660 


99.9 


99.9 


99.9 
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Table b7 • Dyeing Cycle Data for Pontamine 
Blue AX Cone . - Dye Only 
Test for Heat Stability 



Weight of Dye 8.5 grains 
Weight of Sodium Chloride 65.0 grams 
Volume of Dye Bath 15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temperature 

Degrees 

F. 


pH 

of 

Bath 


1 


5 


160 


9.2 


2 


15 


212 


9.0 


3 


ho 


212 


9.3 


k 


70 


250 


9.2 


5 


95 


250 


9.0 


6 


110 


190 


10.5 
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Table 1*8. Test for Heat Stability for 
Pontamine Blue AX Cone. 



Per cent transmission of light through various wave length filters for 
dye bath samples listed in Table 1*7 • 



Monochromatic 

Filter 

Number 

(millimicrons ) 


Dye Bath Sample Number 
12 3 

Per Cent Transmission at Yifave 
Length Indicated 


390 


81*.0 


81*. 6 


81*. 9 


1*20 


82.5 


82.5 


82.1 


1*1* o 


82.3 


82.3 


82 .3 


1*65 


80 .1* 


80.1* 


78.5 


1*90 


61*. 6 


61*. 6 


61*. 1 


519 


51*. 9 


5U. 9 


58.3 


550 


3l*.5 


35.5 


1*1*. 7 


575 


1*0.2 


1*2.1 


51.8 


595 


1*5.0 


1*7.5 


58.0 


620 


51* .6 


56.9 


65.8 


61*0 


68.0 


69.8 


76.5 


660 


72.5 


71*. 0 


80.5 
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Table 1*9. Dyeing Cycle Data for Pont amine 
Fast Yellow RL - High Temperature 



Run 8 



Yam Sample 8 



Weight of Yarn 1*08.6 grams 

Weight of Dye 8.17 grams 

Weight of Sodium Chloride 61.23 grams 
Volume of Dye Bath 15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F . Remarks 


pH Per Cent 

of Transmission 

Bath Filter 390 
(T) 


Cone . 

Optical of Dyebath 
Density (grams /liter) 
(D) (C) 


0 


0 


90 Initial cone. 






0.51*6 


1 


5 


160 Dye only 


8.2 


69.5 


0.158 


0.1*27 


2 


15 


205 


8.2 


66.8 


0.175 


0.1*73 


3 


30 


230 


8.1* 


66.5 


0.177 


0.1*79 


k 


ho 


235 


8.1 


61*.5 


0.190 


o.5il* 


5 


1*5 


21*0 


8.2 


6k. 6 


0.190 


o.5il* 


6 


50 


2hh 


8.1 


6 1*.8 


0.188 


0.508 


7 


55 


2l*8 


8.1 


6U.7 


0.189 


o.5n 


8 


70 


21*8 


8.1 


61*. 0 


0.191* 


0.525 


9 


75 


190 


8.2 


61*. 0 


0.191* 


0.525 


10 


85 


200 Salt added 


8.3 


66.5 


0.177 


0.1*97 



Total Dyebath Exhaustion 9.1* 7% 
pH Tap-water 8.8 
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Table 50. Test for Heat Stability for Pontamine 
Fast Yellow RL - High Temperature 
Run Number 8 



Ffercent transmission of light through various filters for dye bath samples 
listed in Table ii9« 



Monoc hr omati c 

Filter 

Number 

(millimicrons) 



Dye Bath Sample Number 
1 8 10 
Per Cent Transmission at Wave 
Length Indicated 



390 


69.5 


61; .0 


66.5 


U20 


75.3 


66 .U 


71.3 


UUo 


81.5 


70.9 


71.0 


U65 


88.2 


79.1 


77 .U 


U90 


9U.5 


88.5 


88.1 


515 


96.5 


92.6 


92.3 


550 


99.7 


99.8 


99.5 


575 


99.8 


99.9 


99.9 


595 


99.9 


99.9 


99.9 


620 


99.9 


99.9 


99.9 


6ii0 


99.9 


99.9 


99.9 


660 


99.9 


99.9 


99.9 







: 

I 
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Table 9l. Dyeing Cycle Data for Pontamine 
Fast Orange EGL - High Temperature 



Run 9 



Yarn Sample 9 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Volume of Dye Bath 



1*29.2 grams 
8.98 grams 
61*. 3 8 grams 
19 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F . Remarks 


pH 

of 

Bath 


Per Cent 
Transmission 
Filter 1*20 
(T) 


Cone . 

Optical of Dyebath 
Density (grams/liter) 
(D) (C) 


0 


0 


90 Initial cone. 






0.972 


1 


9 


139 Dye only 


8.79 


99.0 


0.260 


0.983 


2 


10 


180 


8.8 


99.3 


0.297 


0.977 


3 


19 


210 


8.8 


99.3 


0.297 


0.977 


1* 


27 


230 


8.9 


99.3 


0.297 


0.977 


9 


33 


21*0 


9.0 


99.3 


0.297 


0.977 


6 


37 


290 


9.0 


9U.1 


0.267 


0.998 


7 


1*6 


299 


9.09 


91*. l 


0.267 


0.998 


8 


60 


299 


8.9 


9U.7 


0.262 


0.987 


9 


69 


190 


8.9 


96.6 


0.21*7 


0.993 


10 


80 


208 Salt added 


8.7 


70.9 


0.192 


0.339 


11 


99 


200 


8.9 


71.8 


0.11*1* 


0.317 



Total Dyebath Exhaustion 1*1* .9$ 
pH Tap-water 8.9 
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Table 52. Test for Heat Stability for Pontamine 
Fast Orange EGL - High Temperature 



Per cent transmission bf light 'through various 'filters for dye bath samples 
listed in Table 5l» 



Monochromatic 

Filter 

Number 

(millimicrons) 


1 


Dye Bath Sample Number 
8 

Per Cent Transmission at Wave 
Length Indicated 


390 


55.0 


5U.5 


70.0 


h20 


55.o 


5U.7 


71.8 


hho 


59.2 


58.6 


75.2 


U65 


70.8 


70.1 


83.0 


It90 


82.1 


81.3 


89. U 


515 


86.6 


86.0 


92. h 


550 


97. h 


97 .U 


98.7 


5 75 


99. h 


99.1 


99.2 


595 


99.5 


99.9 


99.6 


620 


99.9 


99.9 


99.9 


6U0 


99.9 


99.9 


99.9 


660 


99.9 


99.9 


99.9 
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Table 93 . Dyeing Cycle Data for Pontamine 
Fast Orange EGL - High Temperature 



Run 10 



Yarn Sample 10 



Weight of Yam 

Weight of Dye 

Weight of Sodium Chloride 

Volume of Dye Bath 



b07.0 grams 
8.1b grams 
61.09 grams 
19 liters 



Dyebath 


Time 


Temp. 


pH 


Per Cent 




Cone . 


Sample 


in 


Degrees 


of 


Transmission 


Optical 


of Dyebath 


Number 


Minutes 


F. 


Remarks Bath 


Filter b20 


Density (grajns/liter) 










(T) 


(D) 


(c) 



0 


0 


90 Initial cone 


• 






0.9U2 


1 


9 


160 Dye only 


8.8 


98.0 


0.237 


0.930 


2 


10 


200 


8.9 


98.0 


0.237 


0.930 


3 


20 


220 


8.99 


98.7 


0.230 


0.919 


b 


30 


230 


8.99 


98.1 


0.236 


0.928 


9 


33 


2U0 


8.7 


97.8 


0.238 


o.93b 


6 


b3 


290 


8.8 


97.8 


0.238 


0.93b 


7 


98 


290 


9.0 


97.8 


0.238 


0.93b 


8 


73 


290 


9.1 


98.1 


0.236 


0.928 


9 


79 


190 


9.1 


60.0 


0.232 


0.b98 


10 


90 


200 Salt added 


9.0 


71.9 


0.1U3 


0.319 


11 


109 


200 


9.0 


72.8 


0.138 


0.309 



Total Dyebath Exhaustion b6.C$ 
pH Tap-water 8.89 
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Table 5U. Test for Heat Stability for Pontamine 
Fast Orange EGL - High Temperature 



Per cent transmission of light through various filters for dye bath samples 
listed in Table 53. 



Monochromatic 

Filter 

Number 

(millimicrons) 



Dye Bath Sample Number 
1 8 11 
Per Cent Transmission at Wave 
Length Indicated 



390 


58.5 


57.8 


72.8 


U20 


58.0 


58.1 


7U-8 


hho 


62.3 


62.2 


78.0 


1 ;65 


72.8 


73.0 


85.1 


U90 


83 .U 


83.6 


92.0 


515 


88.0 


88.1 


93.2 


550 


97.8 


98.0 


98.7 


575 


99.5 


99.7 


99.5 


595 


99.9 


99.9 


99.9 


620 


99.9 


99.9 


99.9 


6U0 


99.9 


99.9 


99.9 


660 


99.9 


99.9 


99.9 
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Table 55. Dyeing Cycle Data for Pontamine 
Blue AX Cone. - High Temperature 



Run 12 



Yarn Sample 12 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Volume of Dye Bath 



UlO.O grams 
8.22 grams 
6l.5 grams 
15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F. Remarks 


pH Per Cent 

of Transmission 

Bath Filter 550 
(T) 


Cone . 

Optical of Dyebath 
Density (grams/liter) 
(D) (C) 


0 


0 


90 Initial cone. 






0.5U8 


1 


5 


160 


9.6 


39.U 


0.105 


O.U87 


2 


10 


190 


9.7 


Uo.5 


0.393 


O.U73 


3 


15 


210 


9.7 


la. 8 


0.379 


O.U55 


h 


22 


222 


9.8 


U 2.2 


0.375 


o.U5i 


5 


25 


235 


9.7 


42.5 


0.372 


0 .UU 7 


6 


30 


250 


9.7 


U3 .2 


0.365 


O.U38 


7 


U5 


250 


9.7 


UU.l 


0.356 


0.U27 


8 


50 


190 


9.7 


U 6.7 


0.331 


0.398 


9 


65 


200 Salt added 


9.U 


71.3 


O.litf 


0.171 


10 


75 


200 


9.1; 


7U.5 


0.128 


O. 1 U 8 



Total Dyebath Exhaustion 73 .0$ 
pH Tap-water 8.75 
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Table 56. Test for Heat Stability of Pontamine 
Blue AX Cone. - High Temperature 



Per cent transmission of , light., through various filters for dye bath samples 
listed in Table 55 . 



Monochromatic 

Filter 

Number 

(millimicrons ) 



Dye Bath Sample Number 

7 9 

Per Cent Transmission at Wave 
Length Indicated 



390 


86.0 


87.2 


92.8 


1+20 


85.0 


87.0 


93.0 


UUo 


8U.5 


86 .U 


93.0 


U65 


83.0 


8U.6 


92.3 


U90 


6 7.76 


70.9 


85.8 


515 


58.5 


62.9 


81.9 


550 


39. U 


bk. 1 


71.3 


575 


H6.0 


51.0 


75.6 


595 


50.7 


55.0 


78.1 


620 


60.0 


63.7 


83 .U 


6U0 


71.5 


75.1 


88.7 


660 


75.7 


78.8 


90 ,U 
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Table 57. Dyeing Cycle Data for Pontamine 
Blue AX Cone. - High Temperature 



Run 13 



Yam Sample 13 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Volume of Dye Bath 



h59. U grams 
9.188 grams 
68.9 grams 
15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F . Remarks 


pH 

of 

Bath 


Per Cent 
Transmission 
Filter 550 
(T) 


Cone. 

Optical of Dyebath 
Density (grams/liter) 
(D) (C) 


0 


0 


90 Initial cone. 






0.612 


1 


5 


160 


9.5 


32.5 


O.U88 


0.583 


2 


8 


190 


9.6 


33.1 


0.U80 


0.576 


3 


12 


210 


9.6 


3U.7 


0.U60 


0.552 


U 


25 


210 


9.6 


35.8 


0.UU6 


0.535 


5 


32 


220 


9.7 


36.5 


O.U 38 


0.526 


6 


37 


230 


9.6 


36.5 


O.U 38 


0.526 


7 


hO 


2h0 


9.6 


36.5 


O.U 38 


0.526 


8 


hS 


250 


9.6 


36.1 


0.bk3 


0.532 


9 


60 


252 


8.8 


37.7 


O.U2h 


0.507 


10 


80 


195 


9.1 


37.0 


0.^32 


0.518 


11 


95 


200 Salt added 


8.8 


71.8 


0 . 1 UU 


O .167 


12 


no 


200 


9.0 


75.5 


0.122 


O. 1 U 2 



Total Dyebath Exhaustion 76.8$ 
pH Tap-water 9.0 










! 
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Table 38. Test for Heat Stability of Pontamine 
Blue AX Cone. - High Temperature 



Per cent transmission of light through various filters for dye bath samples 
listed in Table 37. 



Monochromatic 

Filter 

Number 

(millimicrons) 



Dye Bath Sample Number 
1 9 12 
Per Cent Transmission at Wave 
Length Indicated 



390 


83.0 


81*.6 


93.3 


1*20 


82.1 


81*. 0 


93.2 


UUo 


81.7 


83.3 


93.3 


1*63 


79.3 


81.1* 


91.9 


1*90 


62.3 


63.2 


83.0 


313 


33.7 


36.8 


82.2 


330 


32.3 


37.7 


71.8 


373 


39.3 


1*1* .3 


76.1* 


393 


1*1*. o 


1*8.8 


79.3 


620 


33.7 


37.7 


81* .0 


61*0 


67.1 


70.0 


89.3 


66 0 


71.3 


73.0 


90.8 



Table 59. Dyeing Cycle Data for Pontamine 
Fast Yellow RL - High Temperature 
Neutral pH 



Run lU Yam Sample lU 



Weight 

Weight 

Weight 

Weight 

Volume 



of Yarn 


U32.2 grams 


of Dye 


8.6U grams 


of Sodium Chloride 


6U.8 grams 


of Ammonium Sulphate 


15 grams 


of Dye Bath 


15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F . Remarks 


pH 

of 

Bath 


Per Cent 
Transmission 
Filter 390 
(T) 


Cone . 

Optical of Dyebath 
Density (grams/liter) 
(D) (C) 


0 


0 


90 Initial cone. 






0.575 


1 


10 


110 Dye & Buffer 7.6 


72.2 


0.1U2 


0.371 


2 


20 


190 


7.9 


67.0 


0.17U 


O.U56 


3 


30 


200 


7.9 


70.7 


0.151 


0.395 


h 


35 


220 


8.0 


65.0 


0.187 


0.U90 


5 


37 


230 


8.1 


66.3 


0.179 


0 .1*68 


6 


U3 


2U0 


8.1 


63.7 


0.196 


0.51U 


7 


U9 


250 


8.1 


66.8 


0.175 


O.U58 


8 


56 


252 


8.0 


6U.6 


0.190 


O.U97 


9 


60 


252 


8.0 


63.0 


0.201 


0.525 


10 


70 


190 


8.0 


63.6 


0.197 


0.515 


11 


80 


200 Salt added 


8.1 


66.2 


0.179 


0.50U 


12 


85 


200 


8.1 


66.5 


0.177 


O.U98 



Total Dyebath Exhaustion 13 . 7% 
pH Tap-water 8.9 
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Table 60. Test for Heat Stability of Pontamine 
Fast Ye H ot RL - High Temperature 
Neutral pH 



Per cent transmission 6ft light through various filters for dye bath samples 
listed in Table 59. 



Monochromatic 

Filter 

Number 

(millimicrons ) 



Dye Bath Sample Number 
1 9 12 
Per-Cent Transmission at Wave 
Length Indicated 



390 


72.2 


63 .0 


66.5 


U 20 


77.3 


6 7.0 


68.5 


hho 


82.0 


69.8 


72 .1* 


1*65 


88.2 


79.3 


78.5 


1*90 


9U.6 


89.0 


89 .1* 


515 


96.8 


93.0 


93.2 


550 


99.9 


99.9 


99.9 


575 


99.9 


99.9 


99.9 


59 o 


99.9 


99.9 


99.9 


620 


99.9 


99.9 


99.9 


61*0 


99.9 


99.9 


99.9 


660 


99.9 


99.9 


99.9 
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Table 61. Dyeing Cycle Data for Pontamine 
Fast Yellow RL - High Temperature 
Acid pH 



Run 17 



Yam Sample 17 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Weight of Ammonium Phosphate 

Volume of Dye Bath 



hh0.9 grams 
8.81 grams 
66.13 grams 
15 grams 
1 5 liters 



Dyebath 


Time 


Temp. 


pH 


Per Cent 




Cone . 


Sample 


in 


Degrees 


of 


Transmission 


Optical 


of Dyebath 


Number 


Minutes 


F . Remarks 


Bath 


Filter 390 


Density (grams/liter) 










(T) 


(D) 


(c) 


0 


0 


90 Initial cone. 






0.587 


1 


2 


100 Dye only 


8.5 


63.8 


0.195 


0.523 


2 


5 


120 Buffer added 6.2 


6U.2 


0.193 


0.519 


3 


8 


180 


6.15 


58.8 


0.230 


0.618 


U 


11 


195 


6.2 


6U.0 


0.19U 


0.522 


5 


17 


220 


6.15 


55.0 


0.260 


0.700 


6 


23 


2ho 


6.2 


55.7 


0.25U 


0.683 


7 


25 


250 


6.1 


56.0 


0.252 


0.687 


8 


33 


252 


6.0 


56.1 


0.251 


0.676 


9 


38 


190 


6.05 


6l.o 


0.215 


0.578 


10 


U5 


200 Salt added 


5.9 


67. U 


0.171 


O.U25 



Total Dyebath Exhaustion 27 .5% 
pH Tap-water 8.9 
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Table 62. Test for Stability of Pontamine 
Fast Yellow RL - High Temperature 
Acid pH 



Per cent transmission of light through various filters for dye bath samples 
listed in Table 6l. 



Monochromatic 

Filter 

Number 

(millimicrons) 



Dye Bath Sample Number 
1 8 10 
Per Cent Transmission at Wave 
Length Indicated 



390 


62.0 


56.1 


67.1* 


1*20 


70 . 1 * 


61.8 


68.9 


1*1* 0 


78.6 


69.1 


73.2 


U65 


86.1 


79.3 


81.1 


1*90 


91* .3 


89.1* 


91.5 


515 


96.5 


91*. 0 


93.5 


550 


99.9 


99.9 


99.9 


575 


99.9 


99.9 


99.9 


595 


99.9 


99.9 


99.9 


620 


99.9 


99.9 


99.9 


61*0 


99.9 


99.9 


99.9 


660 


99.9 


99.9 


99.9 
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Table 63. Dyeing Cycle Data for Pontamine 
Fast Yellow RL - High Temperature 
Alkaline pH 



Run 18 



Yam Sample 18 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Weight of Sodium Acetate 

Volume of Dye Bath 



UU9.2 grams 
8.98U grams 
67.38 grams 
15 grams 
15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F . Remarks 


pH 

of 

Bath 


Per Cent 
Transmission 
Filter 39U 
(T) 


Cone . 

Optical of Dyebath 
Density (grams /liter) 
(D) (C) 


0 


0 


90 


Initial cone. 






0.598 


1 


2 


128 


Dye only 


8.U 


62.0 


0.208 


0.560 


2 


5 


170 


Buffer added 8.8 


61.5 


0.211 


0.566 


3 


10 


190 




8.8 


60.0 


0.222 


0.596 


U 


20 


220 




9.0 


60.0 


0.222 


0.596 


5 


26 


290 




8.8 


58.5 


0.233 


0.628 


6 


32 


250 




8.5 


58. U 


0.23U 


0.629 


7 


U 0 


250 




8.5 


59.8 


0.226 


0.611 


8 


U5 


190 




8.U 


59.8 


0.223 


0.600 


9 


55 


200 


Salt added 


8.U 


63 .h 


0.198 


0.523 


10 


60 


190 




8.U 


65 .a 


0.18^ 


0.a86 



Total Dyebath Exhaustion 19.0$ 
pH Tap-water 9.0 
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Table 61* . Test for Stability of Pontamine 
Fast Yellow RL - High Temperature 
Alkaline pH 



Per cent transmission of light through' various filters for dye bath samples 
listed in Table 63. 



Monochromatic 

Filter 

Number 

(mi llimi c rons ) 



Dye Bath Sample Number 
1 7 10 
Per Cent Transmission at Wave 
length Indicated 



390 


62.0 


59.8 


65.1* 


U20 


70.3 


61.9 


66.6 


l*i*o 


78.6 


67.0 


70.2 


U65 


86.2 


75.9 


78.2 


1*90 


91*. 1* 


86.1 


87.1* 


515 


96.5 


90.6 


91.6 


550 


99.9 


98.2 


99.0 


575 


99.9 


99.2 


99.5 


595 


99.9 


99.6 


99.7 


620 


99.9 


99.7 


99.7 


61*0 


99.9 


99.7 


99.7 


660 


99.9 


99.7 


99.7 
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Table 65. Dyeing Cycle Data for Pontamine 
Fast Orange EGL - High Temperature 
Neutral pH 



Run 19 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Weight of Ammonium Sulphate 

Volume of Dye Bath 



Yarn Sample 19 



U38.9 grams 
8.778 grams 
65.58 grams 
15 grams 
15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F . Remarks 


pH 

of 

Bath 


Per Cent 
Transmission 
Filter b'20 
(T) 


Cone. 

Optical of Dyebath 
Density (grams/liter) 
(D) (C) 


0 


0 


90 










0.585 


1 


2 


120 


Dye only 


8.7 


55.0 


0.260 


0.58U 


2 


U 


1U5 


Buffer added 7 .9 


58.1 


0.236 


0.52ii 


3 


6 


190 




8.0 


59.0 


0.229 


0 . 51 U 


h 


10 


208 




7.9 


60.5 


0.218 


0 .U 89 


5 


16 


220 




8.1 


60. U 


0.219 


0 .U 91 


6 


20 


230 




8.2 


59.2 


0.228 


0.511 


7 


23 


2U0 




8.2 


58.9 


0.230 


0.515 


8 


26 


250 




8.2 


58.1 


0.236 


0.528 


9 


36 


250 




7.9 


58.0 


0.236 


0.528 


10 


UO 


190 




8.1 


6U.0 


0.19U 


O.U35 


11 


50 


195 


Salt added 


8.0 


79.ii 


0.100 


0.212 


12 


55 


195 




7.95 


78.U 


0.106 


0.225 



Total Dyebath Exhaustion 61.5$ 
pH Tap^water 9.0 
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Table 66. Test for Stability of Pcntaraine 
Fast Orange EGL - High Temperature 
Neutral pH 



Per cent transmission of light through various filters for dye bath samples 
listed in Table 65. 



Monochromatic 

Filter 

Number 

(millimicrons ) 



Dye Bath Sample Number 
1 9 12 
Per Cent Transmission at Wave 
Length Indicated 



390 


55.5 


58.0 


76.0 


1*20 


55.0 


58.0 


78.li 


hh o 


59.0 


62.3 


81.6 


1*65 


70.7 


73.5 


88.0 


490 


81.7 


83.3 


93.0 


515 


86.7 


87.7 


95.1 


550 


97.1 


97.6 


99 oO 


575 


99.5 


99.7 


99.5 


595 


99.9 


99.9 


99.9 


620 


99.9 


99.9 


99.9 


6U0 


99.9 


99.9 


99.9 


660 


99.9 


99.9 


99.9 
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Table 67 . Dyeing Cycle Data for Pontamine 
Fast Orange EGL - High Temperature 
Alkaline pH 



Run 20 



Yarn Sample 20 



Weight of Yam 

Weight of Dye 

Weight of Sodium Chloride 

Weight of Sodium Acetate 

Volume of Dye Bath 



530.5 grams 

8.61 grams 
65.57 grams 
15 grams 
15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F . Remarks 


pH 

of 

Bath 


Per Cent 
Transmission 
Filter 520 
(T) 


Optical 

Density 

(D) 


Cone • 

of Dyebath 
(grams/liter) 

(c) 


0 


0 


90 


Initial cone. 






0.575 


1 


2 


130 


Dye only 


8.6 


55,3 


0.257 


0.576 


2 


5 


II 4 U 


Buffer added 8,3 


57.1 


0.253 


0.557 


3 


8 


180 




8.2 


57.8 


0.238 


0.555 


5 


11 


195 




8.8 


58.0 


0.237 


0.555 


3 


17 


220 




8.6 


58.1 


0.236 


o.5Ui 


6 


20 


230 




9.1 


57.8 


0.238 


0.555 


7 


23 


2U0 




9.1 


56.8 


0.256 


0.565 


8 


27 


250 




8.6 


56.8 


0.256 


0.565 


9 


37 


252 




8.5 


56.0 


0.252 


0.578 


10 


52 


190 




8.7 


60.6 


0.218 


0.500 


11 


32 


190 


Salt added 


8.8 


75.0 


0.131 


0.277 


12 


57 


190 




8.8 


73.6 


0.133 


0.282 



Total Dyebath Exhaustion 50.8^ 
pH Tap-water 9.0 
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Table 68. Test for Stability of Pontandne 
Fast Orange EGL - High Temperature 
Alkaline pH 



Per cent transmission of light through various filters for dye bath samples 
listed in Table 67 . 



Monochromatic 

Filter 

Number 

(millimicrons ) 



Dye Bath Sample Number 
1 9 12 
Per Cent Transmission at Wave 
.Length Indicated 



390 


55.5 


56.3 


72.1 


U20 


55.3 


56.0 


73.6 


Uio 


59.0 


60.0 


77.3 


U65 


70.6 


71.3 


81u6 


190 


81.7 


82.1 


90.7 


515 


86.7 


87.0 


93.3 


550 


97.0 


97.2 


98.7 


573 


99.6 


99.5 


99.6 


595 


99.9 


99.5 


99.2 


620 


99.9 


99.9 


99.9 


61i0 


99.9 


99.3 


99.9 


660 


99.9 


99.6 


99.7 
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Table 69. Dyeing Cycle Data for Pontamine 
Fast Orange EGL - High Temperature 
Acid pH 



Run 21 Yarn Sample 21 



Weight 

Weight 

Weight 

Weight 

Volume 



of Yam 


UU6 .2 grams 


of Dye 


8.92 grams 


of Sodium Chloride 


66.93 grams 


of Ammonium Phosphate 


15.0 grams 


of Dye Bath 


15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F . Remarks 


pH 

of 

Bath 


Per Cent 
Transmission 
Filter 1*20 
(T) 


Cone. 

Optical of Dyebath 
Density (grams/liter) 
(D) (C) 


0 


0 


90 


Initial cone. 






0.596 


1 


2 


130 


Dye only 


8.7 


5U. 2 


0.266 


0.596 


2 


5 


170 


Buffer added 6.1 


56.5 


0.21*8 


0.539 


3 


9 


190 




6.1 


57.6 


0.21*0 


0.522 


1* 


12 


200 




6.1 


58.1* 


0.231* 


0.508 


3 


17 


220 




6.1 


58.1 


0.236 


0.513 


6 


22 


230 




6.1 


57.7 


0.239 


0.519 


7 


23 


21*0 




6.05 


57.0 


0.21*1* 


0.530 


8 


28 


250 




6.1 


57.0 


0.21*1* 


0.530 


9 


38 


25U 




6.0 


56.7 


0.21*6 


0.535 


10 


U3 


180 




6.0 


60.5 


0.218 


0.1*71* 


11 


53 


195 


Salt added 


5.8 


72.1 


0.11*0 


0.291 


12 


58 


195 




5.85 


73.5 


0.131* 


0.275 



Total Dyebath Exhaustion 53.8$ 
pH Tap-water 8.9 
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Table 70. Test for Stability of Pont amine 
Fast Orange EGL - High Tenqserature 
Acid pH 



Per cent transmission of light through various filters for dye bath samples 
listed in Table 69 . 



Monochromatic 

Filter 

Number 

(millimicrons) 



Dye Bath Sample Number 
1 9 12 
Per Cent Transmission at Wave 
Length Indicated 



390 


5U.9 


56.0 


71.6 


U20 


5U.2 


56.2 


73.5 


bho 


58.8 


60.6 


77.3 


U65 


70.5 


71.8 


8U.9 


U90 


81.8 


82.7 


91.0 


515 


86.8 


87. h 


93.5 


550 


97.2 


91,6 


98.5 


575 


99.7 


99.2 


99.1 


595 


99.9 


99.1 


99.9 


620 


99.9 


99.5 


99.5 


6U0 


99.9 


99.7 


99.3 


660 


99.7 


99.6 


99.6 
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Table 71. Dyeing Cycle Data for Pontamine 
Blue AX Cone. - High Temperature 
Neutral pH 



Run 22 



Yarn Sample 22 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Weight of Ammonium Sulphate 

Volume of Dye Bath 



1 * 28.3 grams 
8.56 grams 
6 I 4 . . 2 U grams 
20 grams 
15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp. 

Degrees 

F . Remarks 


pH 

of 

Bath 


Per Cent 
Transmission 
Filter 550 
(T) 


Cone. 

Optical of Dyebath 
Density (grams/liter) 
(D) (C) 


0 


0 


90 


Initial cone. 






0.571 


1 


3 


130 


Dye only 


9.8 


35.1* 


0.1*51 


0.51*1 


2 


5 


160 


Buffer added 7.8 


37.0 


0.1*32 


0.537 


3 


10 


180 




7.9 


1 * 2 . 1 * 


0.373 


0 . 1*56 


1 * 


15 


198 




7.9 


1*3 .0 


0.367 


0. 1*1*7 


5 


21 


215 




7-9 


1*5.0 


0.31*7 


0.1*23 


6 


25 


230 




7.9 


17.1 


0.327 


0.399 


7 


28 


21*0 




8.0 


1 * 8.2 


0.317 


0.387 


8 


31 


250 




8.0 


1 * 8.1 


0.318 


0.3 88 


9 


1*1 


252 




7.95 


50.1 


0.300 


0.367 


10 


1*5 


190 




8.1 


59.1 


0.228 


0.278 


11 


55 


195 


Salt added 


8.1 


75.9 


0.120 


0.159 


12 


60 


200 




8.1 


79.0 


0.102 


0.135 



Total Dyebath Exhaustion 7 6.3$ 
pH Tap-water 
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Table 72. Test for Stability of Pontamine 
Blue Ax Cone . - High Temperature 
Neutral pH 



Per cent transmission of light through various filters for dye bath samples 
listed in Table 71. 



Monochromatic 

Filter 

Number 

(mi llimic rons ) 



Dye Bath Sample Number 
1 9 12 
Per Cent Transmission at Wave 
Length Indicated 



390 


8U.1 


88.2 


95.0 


U20 


83.2 


88.0 


9U.7 


hho 


82.6 


87.8 


95.0 


lt65 


80.8 


86.2 


9lt.lt 


h90 


6it.5 


7U.0 


89.5 


515 


56.1 


67.lt 


86.7 


550 


35 .It 


50.1 


79.0 


575 


U 2.5 


56.6 


82.2 


595 


It 7.0 


60.8 


8U.7 


620 


56.0 


68.2 


87.8 


6h 0 


68.0 


78.1 


92.6 


660 


72.8 


81.7 


93.5 
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Table 73. Dyeing Cycle Data for Pontamine 
Blue AX Cone. - High Temperature 
Alkaline pH 



Run 23 



Yam Sample 23 



Weight of Yarn 

Weight of Dye 

Weight of Sodium Chloride 

Weight of Sodium Acetate 

Volume of Dye Bath 



U35.5 grams 
8.710 grams 
65.28 grams 
20 grams 
15 liters 



Dyebath 

Sample 

Humber 


Time 

in 

Minutes 


Temp. 

Degrees 

F. Remarks 


pH 

of 

Bath 


Per Ceht 
Transmission 
Filter 550 
(T) 


Cone. 

Optical of Dyebath 
Density (grams/liter) 
(D) (C) 


0 


0 


90 


Initial cone .9.8 






0.580 


1 


3 


120 


Dye only 


9.8 


35.2 


0.U5U 


0.51*6 


2 


5 


150 • 


Buffer added 9.8 


3U.5 


0.1*66 


0.562 


3 


7 


170 




9.8 


36.5 


O.U38 


0.529 


h 


12 


200 




9.8 


39.1 


0.1*08 


0.1*72 


5 


20 


220 




9.85 


U0.3 


0.395 


0.1*77 


6 


25 


2i*0 




9.85 


la. 5 


0.382 


0.162 


7 


28 


250 




9.8 


la .5 


0.382 


0.1*62 


8 


38 


256 




9.7 


la.i 


0.386 


0.1*66 


9 


hh 


190 




9.6 


U6.5 


0.333 


0.1*01 


10 


5U 


190 


Salt added 


9.5 


65.7 


0.182 


0.227 


11 


65 


200 




9.5 


70.2 


0.151* 


0.192 



Total Dyebath Exhaustion 66.5$ 
pH Tap-water 8.9 
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Table 7h. Test for Stability of Pontandne 
Blue AX Cone. - High Temperature 
Alkaline pH 



Per cent transmission of light through various filters for dye bath samples 
listed in Table 73 » 



Monochromatic 

Filter 

Number 

(millimicrons) 



Dye Bath Sample Number 
1 8 11 
Per Cent Transmission at Wave 
length Indicated 



390 


83.8 


86.0 


91*. 1 


U20 


83.2 


85.8 


93.2 


UUo 


82.5 


85.5 


93.5 


U65 


80.7 


83.5 


92.3 


U90 


6iw5 


69.1 


85.3 


515 


56.0 


60.8 


81.5 


550 


35.2 


1*1.1 


70.2 


575 


hi .6 


U7.8 


7h.8 


595 


U6.5 


52.5 


78.2 


620 


55.7 


61.8 


83 .3 


6Uo 


6 7.5 


73.0 


88.0 


660 


73.0 


77 .U 


90.6 
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Table 75. Dyeing Cycle Data for Pontamine 
Blue AX Cone. - High Temper a ture 
Acid pH 



Run 2ii Yam Sample 21* 



Weight of Yam 

Weight of Dye 

Weight of Sodium Chloride 

Weight of Ammonium Phosphate 

Volume of Dye Bath 



1*17.1 grams 
8.38 grams 
62.86 grams 
30 grams 
15 liters 



Dyebath 

Sample 

Number 


Time 

in 

Minutes 


Temp . pH 

Degrees of 

F . Remarks Bath 


Per Cent 
Transmission 
Filter 550 
(T) 


Optical 

Density 

(D) 


Cone. 

of Dyebath 
(grams /liter) 
(C) 


0 


0 


90 


Initial cone. 






0.557 


1 


3 


120 


Dye only 9.9 


39.2 


0.1*07 


0.1*87 


2 


5 


160 


Buffer added 6.2 


36.7 


0.1*35 


0.521 


3 


18 


185 


6.2 


1*3.6 


0.361 


0.1*3^ 


1* 


22 


195 


6.0 


1*5. o 


0.3U7 


0.1*18 


5 


27 


220 


6.0 


16.5 


0.333 


0.1*00 


6 


32 


21*0 


6.0 


1*9.0 


0.310 


0.372 


7 


37 


250 


6.0 


50.0 


0.301 


0.362 


8 


hi 


258 


5.8 


1*9.5 


0.305 


0.366 


9 


52 


180 


5.85 


57.2 


0.21*3 


0.292 


10 


62 


200 


Salt added 5.75 


75.0 


0.125 


.0.159 


11 


67 


190 


5.9 


78.6 


0.105 


0.131* 



Total Dyebath Exhaustion 76.1$ 
pH Tap-water 8.85 
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Table 76. Test for Stability of Pontamine 
Blue AX Cone. - High Temperature 
Acid pH 



Per cent transmission of light through various filters for dye bath samples 
listed in Table 75. 



Monochromatic 

Filter 

Number 

(millimicrons) 



Dye Bath Sample Number 
1 8 11 
Per Cent Transmission at Wave 
length Indicated 



390 


85.0 


88.6 


96.1 


1*20 


81* .3 


88.5 


95.0 


Ul*o 


81*. 1 


88.1 


95.0 


1*65 


82.5 


86.8 


91* .5 


1*90 


6 7.6 


7l*.0 


89.8 


515 


59.7 


6 7.2 


86.7 


550 


39.2 


1*9.5 


78.6 


575 


1*5.2 


56.0 


82.1 


595 


1*9.8 


60.1 


81*. 0 


620 


58.8 


68.2 


87.7 


61*0 


70.5 


78.1* 


92.2 


660 


75.1 


81.7 


93.1* 
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